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The  opinions  expressed  by  the  participants  appearing  at  this  conference  are 
their  own  and  do  not  necessarily  represent  the  view  of  the  U.S.  Department 
of  Agriculture. 

Numbers  in  parentheses  refer  to  references  at  the  end  of  each  paper.  The 
data  presented  in  the  references,  figures,  and  tables  are  reproduced 
essentially  as  they  were  supplied  by  the  author  of  each  paper. 

Mention  of  companies  or  products  used  in  this  publication  are  solely  for  the 
purpose  of  providing  specific  information  and  does  not  imply  recommenda- 
tion or  endorsement  by  the  U.S.  Department  of  Agriculture  over  others  not 
mentioned. 


PREFACE 

The  12th  Cotton  Utilization  Research  Conference  was  held  in  New 
Orleans,  La.,  May  8,  9,  and  10,  1972.  This  Conference  is  held  annually  by 
the  Southern  Marketing  and  Nutrition  Research  Division  to  report  progress 
made  in  important  areas  of  cotton  research  during  the  year. 

Topics  discussed  included  fundamental  investigations  of  cotton  cellulose, 
mechanical  processing,  aiid  special  purpose  finishes.  Flame  retardancy  and 
durable  press  was  emphasized. 

This  year  we  were  fortunate  in  being  able  to  include  reports  by  Cotton 
Incorporated  and  the  International  Institute  for  Cotton  on  their  research  and 
development  studies  to  enhance  the  utilization  of  cotton. 

These  proceedings  report  in  summary  or  in  full  the  statements  presented 
by  the  various  speakers  during  the  Conference. 
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WELCOME 


by 


C.  H.  Fisher,  Director 

Southern  Marketing  and  Nutrition  Research  Division 

New  Orleans,  La. 


It  is  my  privilege,  on  behalf  of  the  Southern 
Marketing  and  Nutrition  Research  Division 
(SMNRD)  to  welcome  you  to  this  12th  Cotton 
Utilization  Research  Conference,  We  thank  you 
for  attending  and  participating  in  this  Confer- 
ence. We  are  grateful  because  you  have  given  us 
the  opportunity  of  reporting  promptly  on  our 
advances  in  cotton  reseeirch.  We  invite  you  to 
ask  questions  and  to  offer  comments  at  this 
Conference  and  on  any  occasion. 

We  disseminate  information  about  our 
cotton  research  by  various  conferences  and 
publications  and  with  the  help  of  the  Agricul- 
tural Experiment  Stations.  Several  years  ago,  for 
example,  we  held  a  conference  on  vapor-phase 
finishing  of  cotton  to  summarize  progress  in  this 
area. 

Miscellaneous  Publication  #893  by  Marie  A. 
Jones  contains  abstracts  of  all  the  cotton  re- 
search papers  published  by  the  Southern  Region- 
al Research  Laboratory  (SRRL)  during  the  first 
twenty  years  of  its  existence. 

We  are  now  preparing  a  supplement  to 
include  abstracts  of  all  our  cotton  publications 
for  the  ten-year  period  ending  December  31, 
1969.  With  the  publication  of  this  supplement, 
we  shall  have  a  useful  summary  of  the  nearly 
2,000  cotton  research  articles  published  during 
the  first  30  years  of  the  existence  of  SRRL. 

In  calendar  year  1971,  progress  in  our 
research  was  reported  in  298  technical  papers 
and  175  presentations  to  scientific  and  industrial 
groups,  and  in  65  patent  applications.  Eight 
patent  licenses  were  granted. 

As  many  of  you  are  aware,  we  publish 
semiannually  a  list  of  our  publications  and 
patents  with  abstracts.  To  facilitate  progress  in 
cotton  research  by  many  organizations,  we  are 
initiating  the  practice  of  publishing  a  list  of  our 
cotton  research  articles  and  patents,  with  ab- 
stracts, on  a  quarterly  basis.  This  will  accelerate 
the  process  of  disseminating  promptly  the  re- 
sults of  our  cotton  research.  This  will  be  a  part 
of  our  effort  not  only  to  do  valuable  cotton 
research,  but  also  to  report  the  results  promptly. 

I  wish  to  bring  to  your  attention  several 
changes  and  events  of  the  past  year.  Two 
Laboratories  formerly  associated  with  SMNRD 
have  been  made  a  part  of  our  sister  Southeastern 
Marketing  and  Nutrition  Research  Division, 
which  is  headquartered  at  Athens,  Ga.  One  is  the 


Fruit  and  Vegetable  Products  Laboratory, 
Winter  Haven,  Fla.,  and  the  other  is  the  Food 
Fermentation  Laboratory,  which  works  in  co- 
operation with  the  North  Ceirolina  State 
University  and  Agricultural  Experiment  Station, 
Raleigh. 

The  Textile  and  Clothing  (T&C)  Laboratory, 
Knoxville,  Tenn.,  has  been  made  a  part  of 
SMNRD.  We  are  fortunate  because  Mary  E. 
Carter,  a  distinguished  textile  scientist,  joined 
SMNRD  as  Chief  of  the  T&C  Laboratory.  The 
T&C  Laboratory  is  located  on  the  campus  of  the 
University  of  Tennessee,  and  we  are  grateful  for 
the  privilege  of  working  in  cooperation  with  the 
University  of  Tennessee,  particularly  its  Depart- 
ment of  Home  Economics. 

During  the  past  year,  our  research,  con- 
ducted in  cooperation  with  many  other  organi- 
zations, continued  to  be  profitable.  Some  of  our 
research  findings  have  been  adopted  by  other 
organizations  and  used  for  practical  purposes. 
Some  of  our  developments  that  were  previously 
commercialized  are  being  used  more  extensively. 

Our  scientists  and  engineers  have  con- 
tributed importantly  to  15  commercialized 
developments  during  the  past  year.  Most  of 
these  involve  cotton  and  cottonseed. 

New  crosslinking  chemicals,  featuring  ad- 
vantageous "leaving  groups"  are  being  used 
commercially  to  make  durable-press  textile 
products. 

The  Zirchrome  Process  for  producing  sun- 
light and  rot-resistant  fabrics  for  outdoor  use  has 
been  licensed  by  four  companies. 

A  major  firm  has  requested  and  been  issued 
a  license  to  practice  the  invention  under  U.S. 
Patent  No.  3,416,880  entitled  "Modification  of 
Cellulosic  Textiles  with  Methylolated  Hydroxy- 
alkyl  Carbamates." 

Although  a  number  of  flame-retardant  for- 
mulations containing  THPC  are  used  commer- 
cially, two  new  products  are  now  offered  by 
American  Cyanamid,  their  first  entry  into  the 
THPC  area.  One  of  the  products,  TKC,  is  a  60 
percent  solution  of  THPC.  The  other  product  is 
THP,  an  adduct  of  THPC  and  urea. 

The  SRRL  Fiber  Retriever,  Model  M-2,  is 
being  used  commercially.  This  is  the  first 
commercial  application  of  the  M-2  device,  which 
provided  maximum  cleaning  at  slightly  increased 
cost  as  compared  with  the  simple  M-1  model. 


The  M-1  Retriever  is  installed  on  an  estimated 
18,000  carding  machines. 

The  SRRL  Bale-Opener-Blender  Patents  No. 
3,166,797  and  3,458,904  have  been  licensed  to 
a  large  corporation  that  plans  to  manufacture 
the  Blender  for  companywide  use. 

Advances  in  the  measurement  and  effect  of 
fiber  hooks  and  fiber  orientation  on  textile 
processing  efficiency  and  product-quality  have 
been  commercialized. 

The  3/2  twill  construction  fabric  developed 
for  durable-press  work  trousers  is  available  from 
Sears  Roebuck  and  Co.,  and  Woolco  Department 
Stores. 

Improved  all-cotton  knitting  yarns  have  been 
produced  from  blends  of  1-1/16  inch  cotton, 
using  standard  processing  organizations  under 
close  laboratory  control.  One  of  the  country's 
largest  knitwear  manufacturers  has  advised  that 
the  yarns  are  superior  to  their  own  produced 
from  higher  quality,  more  expensive  cotton,  and 
hence  of  practical  interest  to  the  industry. 

The  Liquid  Cyclone  Process  pilot  plant  at 
Sundatta  Oil  Mill,  Hubli,  India  (Dorr-Oliver, 
Inc.),  is  producing  an  edible  cottonseed  flour 
concentrate  and  its  capacity  will  be  increased 
from  1  to  5  tons  per  day.  A  Liquid  Cyclone 
Process  plant  for  producing  25  tons  of  high- 
quality  protein  flour  from  glanded  cottonseed  is 
under  construction  at  Plains  Cooperative  Oil 
Mill,  Lubbock,  Tex.  The  plant  is  scheduled  to 
begin  production  in  1972.  The  product,  which 
contains  about  70  percent  nutritious  protein, 
has  the  capability  of  improving  human  health. 

For  any  successes  we  have  had  we  are 
indebted  in  part  to  our  many  friends  in  State, 
industrial,  and  other  organizations.  A  consider- 
able   portion    of   our   cooperative   research   on 


cottonseed  and  linters  is  supported  by  funds 
from  the  National  Cottonseed  Products  Associa- 
tion (NCPA),  the  National  Cotton  Batting  Insti- 
tute (NCBI),  and  Cotton  Incorporated  (CI).  We 
are  grateful  for  this  encouragement  and  support. 

Probably  you  are  aware  that  Cotton  Incor- 
porated and  the  International  Institute  for 
Cotton,  as  well  as  the  U.S.  Department  of 
Agriculture,  conduct  cotton  research  with  public 
funds.  We  are  appreciative  because  we  have  the 
privilege  of  working  in  friendly  cooperation  with 
these  two  organizations.  It  is  appropriate  to  add 
that  we  are  particularly  grateful  for  the  help  of 
CI  in  commercializing  several  experimental  prod- 
ucts, e.g.,  those  that  are  attractive  because  of 
their  DP  or  flame  resistant  qualities.  We  are 
grateful  for  this  help  and  also  because  S.  Frank 
Moore  and  Frank  H.  Burkitt  are  on  the  program 
to  summarize  progress  in  cotton  research  by 
their  respective  organizations. 

I  wish  to  thank  every  one  contributing  to 
the  success  of  this  conference  —  the  General 
Chairman,  Program  Committee,  Session  Chair- 
men, speakers,  visitors,  and  the  staff  of  SRRL 
for  the  arrangements  that  have  made  this  con- 
ference possible. 

I  hope  your  stay  in  New  Orleans  will  be 
enjoyable  and  rewarding.  Please  visit  our  Labora- 
tory and  talk  with  our  scientists  and  engineers. 
We  cordially  invite  you  on  any  occasion  during 
the  year  to  visit  us  individually  or  as  groups.  We 
shall  be  glad  to  have  suggestions  that  will  help  us 
make  our  program  more  valuable  to  agriculture 
and  all  consumers. 

We  are  honored  because  Fred  R.  Senti,  who 
administers  the  research  of  USDA's  nine  Divi- 
sions in  Marketing  and  Nutrition  Research,  is 
vdth  us.  It  is  my  pleasure  to  present  Dr.  Senti. 


AGRICULTURAL  RESEARCH  SERVICE  OPERATIONS 

by 

F.  R.  Senti 

Deputy  Administrator 

Marketing  and  Nutrition  Research 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 

Washington,  D.C. 


I  wish  to  add  my  cordial  welcome  to  that 
already  given  by  Dr.  Fisher. 

We  in  USDA's  Agricultural  Research  Service 
appreciate  your  interest  in  cotton  research  and 
these  annual  Conferences. 

I  wish  to  take  advantage  of  this  opportunity 
to  tell  you  about  some  important  changes  in  our 
Agricultural  Research  Service. 


First,  I  wish  to  mention  our  patents  and 
patent  policy.  We  now  have  a  more  flexible 
patent  and  licensing  policy.  As  before,  non- 
exclusive licenses  may  be  granted  for  the  prac- 
tice of  our  inventions.  Under  some  conditions, 
however,  exclusive  licenses  may  be  granted.  For 
the  last  several  years,  about  50  patents  per  year 
have  been  granted  to  inventors  of  our  Southern 


Marketing  and  Nutrition  Research  Division. 
Many  of  them  are  concerned  with  cotton  and 
cottonseed  development. 

Dr.  Fisher  has  already  mentioned  that 
cotton  research  with  public  funds  is  now  being 
conducted  by  various  State  Experiment  Sta- 
tions, the  USDA,  Cotton  Incorporated,  and  the 
International  Institute  for  Cotton.  A  National 
Cotton  Research  Coordinating  Committee  has 
been  established  to  facilitate  and  coordinate  this 
program  of  cotton  research  conducted  in  the 
United  States.  Roy  Loworn,  Administrator  of 
Cooperative  State  Research  Service,  Washington, 
D.C.,  is  Chairman  of  this  Committee, 

T.  W.  Edminster,  Administrator  of  USDA's 
Agricultural  Research  Service  (ARS),  recently 
announced  an  organizational  realignment  that 
reduces  the  number  of  lines  of  supervision  at 
research  field  locations  and,  at  the  same  time, 
provides  for  strong  national  research  planning. 

A  research  operation  staff,  located  primarily 
in  the  field  and  headed  by  four  deputy  adminis- 
trators, will  carry  out  the  agency's  research  at  its 
present  210  locations  throughout  the  United 
States.  Designated  as  Acting  Regional  Deputy 
Administrators  are  Steven  C.  King,  Northeast 
Region;  Earl  R.  Glover,  North  Central  Region; 
A.  W.  Cooper,  Southern  Region;  and  H.  Rex 
Thomas,  Western  Region.  With  this  new  organi- 
zation, the  Southern  Regional  Research  Labora- 
tory will  report  to  A.  W.  Cooper,  who  will  be 
headquartered  in  New  Orleans. 

The  National  Program  Staff,  headed  by  four 
Assistant  Administrators,  will  be  located  in 
Washington,  D.C.,  and  Beltsville,  Md.  This  staff 
will  function  as  a  mechanism  for  policy  and 
program  development,  review,  and  evaluation  on 
a  national  basis.  It  will  concentrate  upon  insur- 


ing the  proper  interaction,  balance,  and  distribu- 
tion of  research  effort.  The  Assistant  Adminis- 
trators will  work  closely  with  the  Regional 
Deputies  and  with  other  ARS  research  leaders. 
Named  as  Acting  Assistant  Administrators  are 
Paul  D.  Delay,  Animal  Science;  Hugo  O. 
Graumann,  Plant  Science;  and  Carl  W.  Carlson, 
Soil,  Water,  and  Air  Research.  I  have  been 
named  Acting  Assistant  Administrator  for  Mar- 
keting, Nutrition,  and  Engineering  Science. 

In  announcing  the  new  organization,  Mr. 
Edminster  noted  that  the  four  Regional  Depu- 
ties will  have  major  responsibility  for  the  im- 
plementation and  operation  of  research  pro- 
grams within  their  geographic  areas.  He  further 
pointed  out  that  "They  will  be  close  to  the 
work,  close  to  the  problems,  and  close  to  our 
key  cooperators  in  the  State  Agricultural  Experi- 
ment Stations  and  in  industry."  The  move  vdll 
also  reduce  present  multiple  lines  of  supervision 
to  a  single  supervisory  line  and  will  permit 
reductions  in  administrative  overhead. 

The  Southern  Region  will  include  the  States 
of  Oklahoma,  Texas,  Arkansas,  Louisiana, 
Kentucky,  Tennessee,  Mississippi,  Alabama, 
Virginia,  North  Carolina,  South  Carolina, 
Georgia,  Florida,  and  the  commonwealth  of 
Puerto  Rico.  Many  of  these  States,  of  course,  are 
involved  in  processing  cotton. 

After  the  new  organization  becomes  effec- 
tive on  July  1 , 1  anticipate  that  I  shall  have  more 
time  to  devote  to  program  planning  and  coordi- 
nation at  the  National  level.  I  expect  to  intensify 
my  efforts  in  research  and  development  con- 
cerned with  cotton  and  cottonseed  products.  I 
shall  welcome  your  comments  on  any  occasion 
and  the  privilege  of  working  with  you. 


RESPONSE  BY  GENERAL  CHAIRMAN 


by 


Robert  C.  Jackson 

American  Textile  Manufacturers  Institute 

Washington,  D.C. 


It  is  a  great  personal  pleasure  for  me  to  meet 
with  this  distinguished  group,  and  I  appreciate 
the  opportunity  very  much.  Over  the  years,  the 
Cotton  Utilization  Reseairch  Conference  has 
grovioi  into  a  prestigious  and  highly  successful 
forum  for  exchanging  scientific  and  technical 
information  of  infinite  value  to  both  the  raw 
cotton  and  the  cotton  textile  industries.  The 
people  who  have  participated  in  these  confer- 
ences have  made  and  are  making  a  major 
contribution  toward  assuring  cotton  a  significant 


place  in  the  rapidly  changing  textile  market. 

I  must  admit  to  a  feeling  of  inadequacy  and 
perhaps  of  being  misplaced  when  among  the 
scientific  talent  that  is  assembled  in  this  room. 
At  the  same  time,  I  am  pleased  to  be  a  part  of 
this  meeting  and  look  forward  to  working  with 
you  over  the  next  2  days.  The  people  in  this 
room,  and  some  of  the  ideas  and  projects  on 
which  you  are  working,  will  have  a  tremendous 
influence  on  the  textile  industry  for  many  years 
to  come. 


We  are  meeting  at  a  very  crucial  period  in 
the  long  and  sometimes  difficult  history  of  the 
cotton  industry.  There  has  probably  been  no 
previous  period  when  the  need  for  more  em- 
phasis on  science  and  technology  is  more  ap- 
parent than  today.  This  need  extends  all  the  way 
from  the  farm  to  the  market  place. 

Competitive  pressures  are  strong,  possibly 
stronger  than  at  any  other  time  in  history.  The 
American  consumer  has  become  more  selective 
and  more  demanding  than  ever  before  where 
quality,  style  and  performance  of  textile  prod- 
ucts are  concerned. 

The  needs  and  the  demands  of  the  public  are 
intensified  by  a  growing  number  of  so-called 
"consumer  advocates,"  inside  and  outside  of 
government.  Many  of  them  view  industry  as  a 
reluctant  and  recalcitrant  participant  in  what  has 
become  knov^ni  popularly  as  the  "consumer 
movement." 

This  deep  involvement  with  the  consumer  is 
nothing  new  for  the  textile  industry.  The  terms 
"consumer"  and  "customer"  have  always  been 
one  and  the  same  for  textile  people.  Textiles  did 
not  become  a  $23  billion  industry  by  ignoring 
the  consumer  or  being  indifferent  to  his  or  her 
needs. 

The  textile  industry,  like  the  raw  cotton 
industry,  has  always  placed  heavy  emphasis  on 
research  as  a  major  element  in  making  the 
American  consumer  the  best  clothed  and  best 
sheltered  in  the  world. 

This  emphasis  on  research  and  technological 
development  has  been  hammered  into  my  own 
thinking  and  experience  during  the  almost  40 
years  that  I  have  been  involved  directly  or 
indirectly  with  cotton  and  textiles. 

Having  grown  up  in  a  small  cotton  farming 
community  in  the  Mississippi  Delta,  having  had  a 
father  who  was  employed  in  cotton  ginning  and 
oil  mill  operations,  having  started  my  business 
career  as  a  handyman  in  a  County  Agricultural 
Agent's  office  in  a  cotton-growing  county,  hav- 
ing learned  to  class  and  grade  cotton  as  a 
preliminary  to  buying  it  on  a  commission  basis, 
having  been  an  original  employee  of  the  Nation- 
al Cotton  Council  when  it  was  just  an  idea,  and 
then  having  served  for  22  years  in  my  present 
capacity  with  an  industry  that  during  my  tenure 
has  consumed  more  than  200  million  bales  of 
cotton,  you  can  well  imagine  that  cotton  —  its 
past,  its  future,  its  problems,  and  its  opportunity 

—  must  constitute  an  important  factor  in  my  life 

—  just  as  is  the  case  with  many  of  you. 

Through  all  of  this  period  of  experience, 
there  has  been  some  understanding  of  and 
appreciation  for  the  maintenance  of  a  "place  in 
the  sun,'  so-to-speak,  for  cotton  in  the  arena  of 
fiber  competition. 


With  all  the  problems  that  cotton  has  experi- 
enced, we  are  sometimes  prone  to  forget  the 
remarkable  progress  that  has  been  made  in 
cotton  growing,  harvesting,  initial  processing, 
and  most  certainly  in  manufacturing  and  prod- 
uct development.  It  is  a  thrilling  story  that  you 
or  I  could  document  in  considerable  detail. 

With  this  background  of  experience  and 
accomplishments  at  all  stages  of  growing  and 
processing,  both  the  raw  cotton  industry  and  the 
textile  industry  can  view  the  future  with  a  rather 
sure  knowledge  that  we  know  where  most  of  the 
obstacles  lie  and  vv^hat  must  be  done  to  improve. 
I  believe  it  is  clear  to  all  concerned  that  research 
—  big-time  research  —  on  a  scale  we  haven't 
known  in  the  past,  is  in  the  forefront  of 
requirements  for  success. 

If  a  conference  of  this  nature  had  been  held 
as  recently  as  15  years  ago,  there  undoubtedly 
would  have  been  some  discussion  about  the 
continuing  inroads  being  made  by  the  man-made 
fiber  and  about  the  likelihood  of  even  better  and 
more  diversified  man-mades  in  the  future.  Some 
concern  might  have  been  expressed  over  what 
this  was  going  to  do  to  cotton's  favored  position 
in  the  fiber  market.  Well,  that  "future"  is  now, 
and  consumption  of  all  man-made  fibers  com- 
bined exceeds  cotton. 

Fifteen  years  ago,  durable  press  or  perma- 
nent press  very  likely  would  not  have  received 
any  more  than  passing  mention,  if  it  were 
discussed  at  all.  Knits,  as  we  know  them  today, 
were  not  in  the  picture. 

Tongue  twisting  terms  like  "Phosphorus 
Trihaldide"  would  not  have  been  part  of  the 
textile  vocabulary. 

Byssinosis  was  mentioned  only  in  a  few 
medical  journals. 

But,  as  we  meet  here  today,  these  are 
subjects  of  prime  concern  as  a  result  of  the 
veritable  revolution  which  has  taken  place  in  the 
textile  industry  during  the  past  15  years. 

It  is  the  accomplishments  of  people  like  you, 
combined  with  changing  consumer  demands  and 
modern  marketing  techniques,  which  have 
brought  about  this  revolution.  It  is  the  combina- 
tion of  these  same  ingredients  which  can  bring 
about  similarly  dramatic  changes.  Science  and 
research  can  help  overcome  some  of  the  basic 
problems  the  cotton  industry  faces  today.  It  is 
most  gratifying  to  know  that  cotton  now  has 
going  for  it  the  most  extensive  research  program 
ever. 

Speaking  as  a  representative  of  the  textile 
industry,  I  would  like  for  the  next  few  minutes 
to  explore  with  you  some  of  these  areas  which 
are  absolutely  critical  to  cotton's  future. 

The  textile  industry  is  always  faced  with  the 
need  for  an  adequate  and  dependable  supply  of 


quality  cotton  at  competitive  prices.  Since  this  is 
a  research  conference,  it  would  not  be  appropri- 
ate to  belabor  what  is  happening  to  cotton 
supply  and  prices  at  the  present  time.  But,  I  can 
guarantee  you  the  impact  is  severe. 

We  can  only  hope  that  the  current  uncertain- 
ty over  the  cotton  picture  will  not  do  any 
permanent  damage  to  the  cotton  industry. 

Cotton  quality,  price,  and  supply  are  basic 
factors  in  determining  how  much  cotton  will  be 
consumed.  You,  as  researchers,  have  an  impor- 
tant role  to  play  here,  as  well  as  in  other  areas. 

While  cotton  is  faced  with  many  challenges, 
there  are  three  highly  significant  areas,  any  one 
of  which  will  have  a  major  impact  on  your 
industry,  and  which  in  combination  can  make  or 
break  cotton.  In  each  instance,  successful  re- 
search is  the  key. 

First  is  the  matter  of  fabric  flammability. 

Like  so  many  of  the  problems  we  have  as  a 
Nation  and  as  an  industry,  there  is  no  simple  or 
pat  solution  to  the  problem  of  fabric  flammabil- 
ity. Everyone  admits  that  fabric  burns  and  that 
people  are  at  times  seriously  injured  or  killed  in 
fabric-related  fires. 

You  have  on  your  program  a  number  of 
speakers  who  know  a  good  deal  more  than  I 
about  fabric  flammability  and  what  the  industry 
is  doing  to  overcome  it.  You  will  be  hearing 
from  them  tomorrow,  so  I  will  not  attempt  to 
go  into  the  subject  in  any  detail. 

What  I  would  like  to  emphasize,  however,  is 
that  a  solution  to  this  problem  must  be  found, 
particularly  where  cotton  is  concerned,  and  it 
must  be  found  as  quickly  as  possible.  It  must  be 
found,  first,  because  it  is  the  right  thing.  We  all 
want  to  do  everything  humanly  possible  to 
reduce  fabric-related  injuries  and  deaths. 

There  is  a  tremendous  financial  incentive  for 
the  individuals  and  the  companies  who  make  the 
breakthrough,  something  which  some  of  our 
critics  tend  to  overlook.  Like  that  better  mouse- 
trap, the  world  will  beat  a  path  to  the  door  of 
the  man  who  succeeds. 

A  second  critical  area  is  durable  and  per- 
manent press. 

Cotton  still  has  a  long  way  to  go  where 
permanent  press  is  concerned.  It  is  always 
difficult  to  alter  nature,  which  is  why  progress 
has  lagged  in  this  area.  The  physical  properties 
that  have  made  cotton  so  utilitarian  and  popu- 
lar, apparently  work  counter  to  the  physical 
properties  needed  for  good  durable  press. 

So,  it  is  the  textile  and  cotton  scientists  who 
hold  the  key  to  a  really  successful  durable-press 
breakthrough.  Here,  once  again,  the  rewards  will 
be  tremendous. 

And,  finally,  we  have  the  matter  of  Byssino- 
sis.  I  cannot  overstate  the  seriousness  with  which 


our  industry  views  this  problem  that  is  now  so 
clearly  identified  with  cotton.  It  has  the  poten- 
tial for  driving  mills  away  from  cotton,  irrespec- 
tive of  improvements  on  other  fronts,  unless  a 
solution  is  found  in  the  reasonably  near  future. 

Both  the  National  Cotton  Council  (NCC) 
and  Cotton  Incorporated  (CI)  have  recognized 
Byssinosis  as  a  problem.  The  Council,  at  its 
annual  meeting  this  year,  adopted  a  strong 
resolution  calling  for  stepped-up  research  into  all 
aspects  of  the  problem,  and  authorizing  a  joint 
committee  of  NCC,  CI,  and  ATMI  representa- 
tives. The  first  meeting  of  that  committee  was 
held  in  our  Washington  office  just  last  Thursday, 
and  we  are  encouraged  by  the  prospects  of 
closer  coordination  and  increased  emphasis. 

Cotton  Incorporated  has  important  research 
underway,  and  more  under  consideration.  We 
have  spent  well  over  a  quarter  of  a  million 
dollars  on  the  subject  and  our  member  com- 
panies a  great  deal  more. 

This  is  a  good  start,  but  these  efforts  must 
be  supplemented  and  intensified  throughout  the 
cotton  industry.  I  strongly  recommend  that  the 
U.S.  Department  of  Agriculture  recognize  Bys- 
sinosis for  what  it  is  —  first,  a  cotton-related 
disease  that  impairs  health  of  human  beings;  and 
next,  a  problem  that  will  drastically  curtail 
consumption  of  cotton,  unless  eliminated,  and 
that  very  soon. 

Our  concern  over  these  problems,  serious  as 
they  are,  can  be  alleviated.  If  we  reflect  on  all 
that  this  industry  has  been  able  to  accomplish  in 
the  past,  once  it  recognized  a  problem  and  went 
to  work  on  it. 

Many  of  these  accomplishments  have  come 
from  the  laboratories  of  our  textile  companies 
and  their  suppliers.  Others  have  come  from 
government  research. 

When  the  American  housewife  told  us  she 
was  tired  of  the  drudgery  of  ironing,  the  textile 
industry  and  its  scientists  gave  her  no-iron  and 
fitted  sheets. 

When  the  lady  said  she  wanted  brightness 
and  fashion  in  her  home  as  well  as  her  wardrobe, 
we  gave  her  printed  sheets  and  bedspreads  and 
color-coordinated  towels  and  wash  cloths. 

We  even  spruced  up  the  man  around  the 
house  with  colored  and  printed  shirts,  and 
splashy  color  in  sports  and  even  business  attire. 

At  the  same  time,  our  manufacturers  have 
made  textile  products  more  durable  and  kept 
prices  down. 

But  no  one  can  rest  on  his  laurels  —  not  if  he 
expects  to  remain  a  factor  in  today's  highly 
competitive  marketplace. 

At  the  conclusion  of  these  3  days  of 
evaluation  of  current  scientific  projects,  I  hope 
we  all  will  leave  with  a  new  spirit  of  dedication 


to  finding  the  right  answers  to  those  questions 
which  will  determine  the  very  future  of  the 
cotton   industry   in   America.    I    believe  we  all 


agree  that  the  know-how  is  right  here  at  this 
conference,  so  let's  get  on  with  the  job. 


COTTON  INCORPORATED  ACTIVITIES 


by 


S.  Frank  Moore 

Cotton  Incorporated 

Raleigh,  N.  C. 


It  is  my  pleasure  to  meet  with  you  today.  I 
will  try  to  inform  you  of  the  "Activities  of 
COTTON  INCORPORATED"  during  the  past 
months. 

Our  Company  is  owned  by  the  300,000 
cotton  growers  in  the  United  States.  We  are 
dedicated  to  help  them  make  a  profit  growing 
cotton.  We  try  to  accomplish  this  through 
Research  and  Technical  Service  located  at 
Raleigh,  N.  C,  and  with  our  Sales  and  Marketing 
Divisions  in  New  York,  Dallas,  and  Los  Angeles. 

We  not  only  do  research  on  products,  but 
also  Agricultural,  Processing,  Handling,  and  Serv- 
ices Research,  from  the  soil  study  through  wear 
testing  of  garments. 

Roll  Weevil  Eradication  effort  shows  fine 
possibilities  for  great  success.  We  have  not 
completed  the  first  year  of  the  experiment, 
however,  we  can  see  "spin  offs"  that  will  be 
extremely  beneficial  whether  or  not  we  are 
successful  with  the  original  goal  of  total 
eraHication: 

(1)  Research  supported  by  this  project 
shows  that  up  to  90  percent  of  weevil  popula- 
tions can  be  lured  to  10  percent  of  the  cotton 
acreage  with  the  use  of  phenomone  traps. 

(2)  Earlier  than  normal  strip  plantings  of 
Temik-treated  cotton  combined  with  the  sex 
lure,  can  be  an  economical  means  of  lowering 
weevil  populations. 

(3)  The  development  of  the  Leggett  Trap 
shows  promise  for  lowering  the  cost  and  increas- 
ing control  of  the  weevil. 

We  hope  this  is  the  beginning  of  the  end  for 
America's  "No.  1"  cotton  pest. 

We  have  recently  released  results  of  years  of 
research  that  can  save  the  grower  $24  a  bale  by 
more  efficient  use  of  manpower  and  equipment 
from  the  stalk  to  the  bale.  We  have  made  a 
20-minute  movie  on  this  and  there  are  30  copies 
in  constant  use.  This  film  is  generating  tremen- 
dous interest  all  across  the  cotton  belt. 

At  COTTON  INCORPORATED,  we  have  a 
total  Marketing  operation.  Three  merchandising 
managers  backed  up  by  Technical  Service,  Prod- 
uct and  Process  Development  and  Research. 


Our  Technical  Services  Department  is  in  full 
swdng.  This  service  is  available  to  anyone  proc- 
essing cotton  and  is  being  used  weekly  by  the 
mills. 

DURABLE  PRESS  RESEARCH 

We  are  currently  trying  to  exploit  two  DP 
processes  of  merit  which  have  emerged  from 
previous  CI  sponsored  research.  The  first  is  the 
vapor  phase  process,  which  I  am  sure  most  of 
you  know  is  now  commercial.  Its  particular 
merit  is  the  high  level  of  DP  performance 
attained  which  is  particularly  noticeable  when 
severe  laundering  methods  are  used.  This  is  why  it 
is  a  natural  for  rental  uniforms,  and  there  will 
probably  be  a  spillover  to  career  apparel.  We  also 
see  terrific  advantages  for  dress  shirts  even  when 
laundered  under  domestic  laundering  conditions. 
The  appeal  to  the  public  that  we  can  rely  on  is  not 
only  the  superior  DP  performance,  but  also 
retention  of  better  absorbency  and  soil  release 
which,  of  course,  would  be  accentuated  by 
introducing  products  which  contain  more  than 
the  normal  amount  of  cotton.  For  example,  in 
shirts  we  believe  a  60/40  cotton/polyester  blend 
may  be  optimum. 

The  second  process  is  pad/vapor/set  whose 
advantages  are  specific  to  cotton,  because  of  a 
better  retention  of  strength  and  abrasion  resist- 
ance. We  are  cooperating  with  a  mill  organiza- 
tion in  the  further  development  of  this  process. 
Both  the  process  itself  and  the  way  we  are  trying 
to  exploit  it  resemble  the  Southern  Regional 
"Polyset"  development. 

Although  our  proprietary  interest  in  these 
two  processes  gives  us  some  advantage,  it  is 
worth  stressing  that  we  are  on  the  look-out  for 
processes,  whatever  their  source,  which  could  be 
exploited  to  cotton's  advantage. 

The  rest  of  our  DP  research  program  can  be 
divided  into  three  categories. 

The  first  involves  developing  processes  which 
are  less  dependent  on  crosslinking  to  attain  DP 
performance. 

The  second  involves  combining  swelling  and 
stretching  operations  to  reduce  the  irregularities 
of    the    cotton    fiber    and    make    it    a    better 


substrate  to  work  with. 

The  third  is  to  develop  improved  blending 
technology  so  that  the  synthetic  "reinforce- 
ment" takes  a  greater  share  of  the  load,  especial- 
ly in  high  cotton  blends. 

These  studies  are  mainly  still  at  the  lab  and 
pilot-plant  stage,  but  some  are  showing  promise 
of  lifting  strength  retention,  for  example,  to  the 
70  to  80  percent  retention  level  for  all  cotton. 
FLAMMABILITY  RESEARCH 
Research  at  the  Southern  Marketing  and 
Nutrition  Research  Division  (SMNRD)  has  pro- 
duced a  valuable  basis  for  developmental  work 
by  many  cotton  textile  organizations.  However, 
in  all  too  many  cases,  their  work  has  not  been 
carried  to  full  commercial  development,  for 
reasons  of  money,  lack  of  proprietary  interest, 
or  others.  This  being  so,  the  cooperative  arrange- 
ment between  the  SMNRD  and  COTTON  IN- 
CORPORATED on  the  development  of  the 
THPOH/ammonia  finish  is  particularly  meaning- 
ful, and  represents  about  as  fine  an  example  as  I 
have  seen  of  a  good  working  relationship  be- 
tween an  industrial  organization  and  this  fine 
government  laboratory. 

We  have  entered  into  a  contractual  agree- 
ment with  a  large  finisher  of  textile  goods  to 
commercialize  the  THPOH/ammonia  finish,  vdth 
representatives  of  SMNRD  cooperating  in  an 
advisor^  capacity.  Our  contractor  and  ourselves 
are  sharing  the  costs,  and  we  have  established  a 
full-scale  processing  line  to  work  out  in  a 
full-scale  process  the  time,  temperature,  and 
concentration  variables  so  that  this  very  promis- 
ing flame  retardance  treatment  can  be  used  in 
commerce. 

Why  was  THPOH/ammonia  selected  from 
the  many  candidates  we  could  have  chosen? 
Well,  the  reasons  are  primarily  these: 

It  is  the  only  fire  retardance  finish  we 
know  of  which  results  in  no  loss  of 
strength,  and  which  with  the  proper 
amount  of  softener  will  give  100  percent 
strength  retention  with  only  a  modest 
loss  in  tear  strength.  Second,  it  was  a 
process  which  seemed  to  us  to  offer  an 
excellent  chance  of  lending  itself  to 
commercial  application,  because  we 
thought  we  knew  why  those  firms  (and 
there  were  many  of  them)  that  had  tried 
the  process,  had  failed  to  make  it  work 
adequately. 

The  preliminary  trials  have  shown  real 
promise,  although  we  have  not  succeeded  to  the 
point  where  we  can  with  confidence  manufac- 
ture goods  guaranteed  to  meet  the  Federal 
Flammability  Standard  on  Children's  Sleepwear. 
However,  we  have  every  confidence  that  this  is 
only  a  matter  of  further  development,  and  we 


believe  this  process  will  be  on  stream  by  the  end 
of  this  year.  When  the  problem  is  solved,  the 
technology  will  be  made  available  to  all  finishers 
who  want  to  use  it,  on  an  equal  basis. 

We  allocate  a  very  major  proportion  of  our 
total  flammability  research  budget  to  the  devel- 
opment of  improved  flame  retardants,  and  in 
this  work  we  are  following  the  course  that  most 
of  you  logically  would  follow.  We  are  attempt- 
ing to  make  fire  retardaints  that  are  effective  at 
lower  add-ons,  less  costly,  and  less  harmful  to 
desired  fabric  qualities.  For  example,  we  are 
synthesizing  compounds  which  are  rich  in  phos- 
phorus and  nitrogen;  and  we  have  obtained  in 
laboratory  quantities,  two  candidate  materials, 
that  are  effective  at  low  add-ons.  We  cannot  say 
at  this  point  when  or  even  if  these  candidates 
will  reach  the  market;  but  we  can  guarantee  that 
if  it  can  be  done,  the  people  working  on  the 
problem  are  competent  to  do  it. 

Early  this  year  we  broke  ground  for  a  new 
Research  Center  in  Raleigh,  N.  C.  Before  the 
Company's  move  to  Raleigh  from  Memphis,  we 
did  not  have  any  In-House  Research  facilities. 
On  the  start-up  in  Raleigh,  we  put  in  a  Research 
and  Fabric  Evaluation  Laboratory.  In  our  new 
Research  Center  this  laboratory  space  will  be 
increased.  We  are  also  putting  in  a  Biochemical 
Laboratory  and  a  Product  Development  Labora- 
tory, This  Product  Development  Laboratory 
represents  an  investment  of  over  $400,000  in 
knitting  machines.  We  see  a  very  real  oppor- 
tunity for  Cotton  in  Knitting.  Already,  we  see 
double  knits  taking  in  blends.  We  are  working  on 
surface  treatments  for  cotton  and  high  cotton 
blend  yams  for  knitting. 

Research  is  being  done  in  breeding,  growing, 
harvesting  and  ginning  to  improve  the  fiber  for 
knitting. 

A  few  words  concerning  COTTON  INCOR- 
PORATED's  Byssinosis  research  program  are 
probably  in  order  at  this  time.  As  you  may 
know,  passage  of  the  Williams-Steiger  Occupa- 
tional Safety  and  Health  Act  of  1970,  set  the 
stage  for  the  U.S.  Labor  Department  to  apply 
Federal  standards  established  under  the  Walsh- 
HcEiley  Act  to  the  textile  industry.  On  January 
25,  1972,  the  Labor  Department  announced 
that  five  target  health  hazards  had  been  identi- 
fied. These  included  carbon  monoxide,  silica, 
asbestos,  lead,  and  cotton  dust.  We  were  ex- 
tremely surprised  to  find  ourselves,  cotton  dust, 
affiliated  with  such  toxic  materials.  Certainly, 
while  cotton  dust  may  incite  respiratory  prob- 
lems in  textile  mill  workers  it  is  by  no  means  in 
any  sense  nearly  as  toxic  as  the  above-mentioned 
materials.  An  old  dust  standard  of  1  mg.  per 
cubic  meter  was  invoked  by  the  Labor  Depart- 
ment and  this  left  the  cotton  industry  with  a 


new  acute  problem.  This  action  had  been  antici- 
pated by  many  organizations  including 
COTTON  INCORPORATED  and  a  backlog  of 
good  sound  information  is  available  for  dealing 
with  it.  Nevertheless,  more  information  is  badly 
needed  and  COTTON  INCORPORATED  has 
developed  an  intensive  research  program  at  the 
medical-chemical,  breeding-cultural,  and  gin- 
ning-processing  level  to  deal  with  the  Byssinosis 
problem.  The  objectives  of  this  program  are  to: 
(1)  develop  adequate  methods  for  detecting  and 
measuring  Byssinosis;  (2)  identify  both  botani- 
cally  (plant  part  or  parts)  and  chemically  (spe- 
cific compounds)  the  causative  agent  or  agents; 
(3)  eliminate  through  plant  breeding  the  causa- 
tive agent  or  agents  and  reduce  total  trash 
generating  capacity  of  cotton  by  utilizing  plant 
characters  such  as  smooth  leaves,  okra-shaped 
leaves  and  frego  bracts;  (4)  reduce  total  trash  in 
cotton  through  improved  cultural  practices  such 
as  short  season  cotton,  improved  harvest-aid 
chemicals,  and  better  ginning  and  cleaning;  and 
(5)  develop  ginning  eind  processing  methods  to 
inactivate  the  causative  materials  in  cotton. 

The  last  objective  is  being  vigorously  pur- 
sued jointly  with  Burlington  Industries.  A  new 
process  has  been  developed  by  Burlington  to 
eliminate  Byssinosis  at  the  plant  level.  COTTON 
INCORPORATED  is  working  with  them  to 
accelerate  the  use  of  this  promising  technology. 
This  is  a  temporary  rehef  measure.  COTTON 
INCORPORATED's  Byssinosis  research  program 
is  designed  to  completely  eliminate  the  problem. 

One  of  the  best  things  that  has  ever  hap- 
pened for  Cotton  Research  was  the  formation  of 
the  13-man  National  Cotton  Research  Coordi- 
nating Committee  last  year.  These  committee- 


men are  from  the  USDA,  State  Experimental 
Stations  of  the  land  grant  universities,  and 
COTTON  INCORPORATED.  We  can  now  re- 
view each  others  research  efforts  and  make  every 
dollar  involved,  in  cotton  research  go  much 
further  and  avoid  duplication  of  research. 

One  of  the  hardest  things  in  research  is  to 
know  when  to  stop  a  project.  We  will  not  do 
research  for  the  sake  of  doing  research.  When  we 
feel  we  are  going  up  a  blind  alley,  we  will 
terminate  our  effort,  take  our  loss  of  invest- 
ment, and  move  to  more  promising  areas.  In 
research,  you  certainly  cannot  always  be  right. 

At  COTTON  INCORPORATED,  we  have  46 
Directors  and  all  produce  cotton.  They  are 
always  involved  in  the  decisionmaking  —  not 
only  in  research,  but  complete  Company  activi- 
ties. 

Before  closing,  I  want  to  cover  our  Com- 
pany's other  half  located  in  New  York  —  The 
Sales  and  Marketing  Division.  This  group  is 
doing  an  excellent  job  with  the  mills'  merchan- 
dising and  sales  people  in  New  York.  There  are 
many  ways  to  promote  cotton  and  they  are 
leaving  no  stones  unturned.  With  new  innova- 
tions in  fabric  and  styling  they  are  showing  the 
Fashion  People,  from  a  creative  approach,  how 
to  use  more  Cotton. 

You  are  here  for  3  days  and  a  lot  of 
chemistry.  So,  I  thought,  for  a  change,  you 
would  like  to  see  one  way  that  COTTON 
INCORPORATED  promotes  its  fiber.  The  great 
spirit  of  the  Dallas  Fashion  Show  has  been 
captured  in  all  its  color  on  this  short  film.  THE 
COTTON  FEEL  OF  '72. 

Again,  it  has  been  my  pleasure  to  be  with 
you  here  in  New  Orleans. 


COTTON  RESEARCH  AT  HC 

by 

Frank  H.  Burkitt 

International  Institute  for  Cotton 

Manchester,  England 


TJie  Easy-care  Prohlem.  —  The  Technical 
Reseairch  Division  of  International  Institute  for 
Cotton  (IIC)  was  created  5  years  ago.  This  is, 
therefore,  an  opportune  time  to  review  progress, 
to  discuss  the  many  current  problems,  and  to 
identify  those  areas  where  IIC  can  operate  most 
effectively  in  the  future. 

During  this  period,  the  objective  which  has 
been  given  the  highest  priority  is  a  solution  to 
the  problems  of  easy-care.  It  is  relatively  simple 
to  give  cotton  excellent  easy-care  properties,  but 
in  the  process  the  strength  and  durability  of  the 


products  are  frequently  reduced  to  an  unaccept- 
ably  low  level.  It  is  the  maintenance  of  the 
strength  and  durability  characteristics  which  is 
the  real  problem  of  easy-care. 

During  the  last  50  years,  virtually  all  the 
attempts  which  have  been  made  to  find  a 
solution  to  this  problem  have  been  through  the 
empirical  use  of  a  wdde  variety  of  chemicals  or 
by  minor  modifications  to  the  method  of  their 
application  to  the  cotton  fabric.  The  IIC  view 
was  that  this  well  trodden  path  was  unlikely  to 
lead  to  any  significant  new  developments  and 


that  much  more  attention  had  to  be  paid  to  the 
substrate  which  was  being  treated.  Answers  were 
needed  to  such  questions  as: 

Why    are    cotton    products    in    general 
weaker  than  the  synthetics? 
Why  does  cotton  lose  strength  and  dur- 
ability when  subjected  to  easy-care  finish- 
ing? 

What  modifications  can  be  made  to  the 
fiber,  yarn,  or  fabric  in  order  to  maintain 
durability  after  easy-care  finishing? 
As  a  result  of  the  research  program,  we  have 
instituted   and    from  work  carried  out  by  the 
Southern  Regional  Research  Laboratory  (SRRL) 
scientists  and  others,  we  now  have  some  of  the 
answers  to  these  questions  and  a  much  better 
understanding   of  the   structure  of  the  cotton 
fiber.  We  have  demonstrated  that: 

a.  Cotton  fibers  can  be  strengthened 
considerably  by  reorganization  of  the 
fibrillar  structure. 

b.  The  magnitude  of  the  strength  im- 
provement depends  very  markedly 
on  the  variety  and/or  growth 
conditions  of  the  fiber. 

c.  When  these  toughened  fibers  are 
treated  with  high  levels  of  easy-care 
chemicals,  there  is  little  or  no  loss  in 
strength  or  toughness. 

From  these  results  we  have  concluded  that 
in  order  to  produce  easy -care  cotton  fabrics  with 
excellent  durability,  it  is  highly  desirable  to 
achieve  three  objectives: 

1.  Uniformity  of  fibrillar  structure 
within  most  fibers  in  a  fabric. 

2.  Elimination  of  all  residual  stresses  in 
the  fabric  caused  by  sizing,  weaving, 
etc. 

3.  Uniform  distribution  of  the  easy -care 
chemicals  throughout  the  fibers  and 
yarns  in  the  fabric. 

We  have  applied  these  principles  to  fabric 
processing  on  a  laboratory  scale  and  have 
demonstrated  that  it  is  possible  to  achieve 
excellent  easy-care  performance,  coupled  with 
an  abrasion  resistance  close  to  that  of  the 
untreated  cotton  fabric. 

From  all  these  findings  it  is  possible  to 
define  both  a  short  term  and  a  long  term 
solution  to  the  problem  of  easy-care.  The  short 
term  solution  is  for  the  finisher  to  modify  his 
method  of  mercerization  and  resin  application  in 
order  to  obtain  the  best  results  from  the  cottons 
which  are  available  today.  Improved  techniques 
of  mercerization  will  achieve  the  first  two 
objectives  listed  above  and  new  methods  of 
application  of  easy-care  chemicals  will  achieve 
the  desired  uniformity  of  distribution.  IIC  is 
working  intensively  in  both  these  areas  in  order 


to  translate  the  laboratory  results  mentioned 
above  into  commercial  methods  applicable  on 
full  scale  machinery. 

By  this  approach,  we  are  convinced  that  the 
finisher  can  produce  easy-care  fabrics  definitely 
superior  to  any  available  commercially  today, 
but  he  is,  of  course,  limited  by  the  properties  of 
the  raw  cotton  on  which  he  has  to  operate.  The 
long  term  solution  is  for  the  grower  to  develop 
improved  varieties  of  cotton  which  will  respond 
more  favorably  to  the  processes  of  easy-care 
finishing.  Before  this  can  be  done  however,  the 
finisher  has  to  define  —  in  terms  of  fiber 
structure  —  what  are  the  desirable  fiber  char- 
acteristics and  test  methods  must  be  developed 
to  enable  the  cotton  growers  and  breeders  to 
identify  and  measure  these  characteristics  in 
their  selection  programs.  This  is  clearly  a  long- 
term  program,  but  we  have  research  projects 
aimed  at  providing  this  information. 

Product  Development .  —  While  this  basic 
work  was  being  carried  out,  IIC  initiated  a 
product  development  program  which  is  concen- 
trated in  two  main  areas: 

Knitting  -  IIC  now  has  its  own  small  knitwear 
development  unit  and  is  studying 
the  utilization  of  new  and  conven- 
tional cotton  yarns  on  new  and 
conventional  knitting  machinery.  In- 
dividual projects  include  the  devel- 
opment of  double  jersey  knitted 
cottons,  the  application  of  break 
spun  and  ammonia  treated  yarns  in 
knitwear  and  the  use  of  compound 
needle  machines  for  the  warp  knit- 
ting of  singles  yarns.  In  order  to 
exploit  fully  these  new  or  improved 
fabric  properties,  it  is  neccessary  to 
pay  the  most  careful  attention  to 
design,  coloring,  and  styling  if  they 
are  to  attract  the  interest  of  the 
maker  up.  Close  working  relation- 
ships have  therefore  been  established 
with  the  fashion  advisors  and  mar- 
keting experts  of  our  promotion 
division  in  order  to  ensure  the  most 
effective  presentation.  This  relation- 
ship works  well  in  both  directions 
for  we  are  often  able  to  advise  our 
fashion  and  marketing  experts  on 
ways  of  improving  the  practicability 
of  some  of  their  more  bizarre  ideas 
fpr  fabrics  and  garments. 
Finishing.  —  The  development  work  in  this  area 
is  aimed  at  two  important  markets 
for  cotton  —  sheetings  and  work- 
wear.  With  the  heavier  weight  fab- 
rics, which  in  Europe  are  still  accept- 
able  for   these   two  purposes,  it  is 


possible  to  obtain  a  good  easy-care 
performance   coupled  with  an  ade- 
quate  durability    and  a  number  of 
manufacturers  in  Europe  are  market- 
ing   100    percent    cotton    easy -care 
sheets.   There   is,  however,  a  trend 
towards  lighter  weight  products  and 
while  we  are  hopeful  that  our  im- 
proved    easy-care     finishing    proce- 
dures will  enable  us  to  obtain  satis- 
factory results  on  all  cotton  prod- 
uct, it  is  possible  that  small  amounts 
of  nylon  or  polyester  may  be  needed 
as     reinforcement    if    conventional 
finishes    are    to    be    used.    We   are, 
therefore,  studying  the  existing  cot- 
ton-rich   blends   which   are   on   the 
market  and  also  instituting  our  own 
development     program     on     these 
materials. 
Cooperation  with  Industry.  —  IIC  recognizes 
very  clearly  that  it  can  only  achieve  its  objec- 
tives through  close  cooperation  with  all  levels  of 
the   textile   trade.   In   the   technical   work,  for 
example,  it  is  necessary  to  work  closely  with  the 
leading  textile  mills  and  our  influence  is  propor- 
tional    to     the     commercial     potential     and 
feasibility  of  our  ideas.  We  believe  that  we  can 
offer  profitable  advice  to  the  mills  in  four  main 
areas: 

1.  The  results  of  our  basic  research  pro- 
gram. These  have  already  led  to  the 
development  of  improved  processes 
for  cotton  by  a  number  of  European 
mills. 

2.  New  products  from  our  development 
program.  Again,  we  know  of  several 
mills  who  are  using  products  and 
processes  developed  by  our  efforts. 

3.  Know  how  and  technical  information. 
We  have  recently  started  technical 
service  operations  in  Europe  and 
Japan  in  order  to  channel  relevant 
information  into  the  industry,  to  or- 
ganize and  implement  cooperative 
trials  and  to  provide  technical  assist- 
ance with  problems  of  cotton  pro- 
cessing. 

4.  Assistance  with  the  development  of 
products  and  processes  by  industry 
groups.  For  obvious  reasons,  much  of 
this  work  has  to  be  done  on  a  confiden- 


tial basis,  but  we  have  been  able  to 
make  significant  contributions  in  this 
field. 
New  Processing  Requirements.  —  Due  to  the 
pressure  on  margins,  mills  are  increasingly  look- 
ing for  more  productive  machinery  and  for 
simpler  processing  procedures,  and  the  textile 
machinery  industry  is  working  hard  to  provide 
the  needed  equipment.  Most  of  the  new  develop- 
ments in  this  field  come  from  Europe  and  Japan 
and  we  recognize  the  importance  of  ensuring 
that  both  the  problems  and  opportunities  for 
cotton  on  the  new  machines  are  recognized  and 
acted  upon.  We  are  concentrating  on  those 
developments  which  are  of  a  special  importance 
to  cotton  —  such  as  liquid  ammonia  processing, 
compound  needle  knitting  machines,  and  tv\dst- 
less  spinning,  but  many  others  are  being  watched 
closely.  One  general  area  is  the  replacement  of 
weaving  by  knitting:  already  for  example,  cor- 
duroy fabrics  can  be  knitted  at  ten  times  the 
normal  weaving  speeds,  but  the  fiber  content  is 
80  percent  cotton/20  percent  nylon.  Naturally, 
the  corduroy  manufacturers  are  very  interested 
in  this  development,  but  they  prefer  a  100 
percent  cotton  product;  we  are  working  very 
hard  to  provide  them  with  such  a  product. 

Need  for  Vertical  Approach.  —  We  are 
working  in  an  industry  subject  to  very  rapid 
changes.  Once  upon  a  time,  a  cotton  farmer  had 
only  to  satisfy  the  needs  of  a  ring  spinner,  whose 
output  was  utilized  largely  by  weavers  for  the 
production  of  untreated  fabrics.  Now,  new 
methods  of  spinning  are  taking  a  firm  hold, 
especially  in  Japan,  and  these  make  new  de- 
mands on  the  fiber  quality.  Knitwear  is  gradual- 
ly taking  a  larger  share  of  the  apparel  market, 
and  an  increasing  percentage  of  cotton  fabrics 
are  given  some  form  of  easy-care  finish.  These 
changes  are  bound  to  have  an  influence  on  the 
demand  and  quality  requirements  for  cotton  in 
the  future.  The  cotton  farmer  himself  is  in  no 
position  to  be  able  to  judge  the  nature  and 
extent  of  this  impact.  We  in  IIC  are  in  close 
touch  with  all  these  changes  that  are  taking 
place  in  Europe  and  Japan.  We  believe  that  one 
of  our  roles  is  to  provide  the  necessary  feedback 
of  information  to  the  farmer  in  order  to  help 
him  select  and  produce  the  type  of  cotton  which 
wall  be  best  suited  to  the  modern  industry  and 
consumer. 
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New  Orleans,  La. 

(Presented  by  Donald  P.  Miller) 


The  mode  of  sorption  of  various  liquids  on 
cotton  cellulose  has  been  investigated  by  means 
of  proton  magnetic  resonance  spectroscopy 
(NMR).  In  particular,  pulsed  NMR  spectroscopy 
is  extremely  useful  for  examining  the  relaxation 
processes  of  the  spins  associated  with  protons  of 
sorbed  liquids.  In  general,  the  parameters  meas- 
ured by  pulsed  NMR,  the  spin-spin  and  spin- 
lattice  relaxation  times,  reflect  the  interactions 
of  the  nuclei  with  each  other  and  the  surround- 
ing lattice.  These  interactions  are  dependent  on 
the  relative  motions  or  vibrational  spectra  of 
these  bodies  as  compared  with  the  resonance 
frequencies  employed  in  the  measurements.  In 
general,  the  smaller  the  relaxation  times  of  the 
nuclei  in  sorbed  liquids  the  more  tightly  bound, 
and  hence  the  more  restricted  the  motion.  In 
addition,  it  is  not  uncommon  for  protons  in 
sorbed  liquids  to  exhibit  multiple  spin-spin  and 
spin-lattice  relaxation  times  thus  indicating  more 
than  one  mode  of  sorption. 

To  compare  the  results  of  these  NMR 
observations  with  other  data  related  to  sorption 
processes,  the  data  obtained  from  previous  work 
at  the  Southern  Regional  Research  Laboratory 
on  swelling  of  yarns  in  various  liquids  was  used 
as  a  reference.  These  data2  consist  of  micro- 
scopical measurements  of  the  swelling  of  fibers 
in  the  solvents  which  were  in  turn  compared 
with  the  number  of  turns  that  a  cotton  singles 
yarn  untwists  when  placed  in  the  solvent.  It  can 
be  shown  by  theoretical  and  statistical  methods^ 
that  the  relationship  between  the  untwisting  of 
the  yam  and  the  swelling  of  the  fibers  can  be 
approximated  by  the  equation 

a=(e,/e2)'/^ 

where  a  is  the  ratio  of  the  swollen  diameter  of 
the  fiber  to  the  original  diameter  and  Gj  and  02 
are  the  number  of  twists  in  the  yarn  before  and 
after    swelling,    respectively.   The   data   in   this 


investigation,  which  included  a  broad  range  of 
organic  solvents  and  inorganic  solutions,  were 
reported  in  terms  of  "swelling  index"  given  by 
the  relationship  l=(0i -02)-solvent/(0j -02  ) 
water.  Thus  the  ratio  of  the  number  of  turns  the 
yarn  untwisted  in  the  solvent  to  the  number  of 
times  it  untwisted  in  water  is  used  as  a  measure 
of  the  swelling  power  of  the  solvents. 

The  relaxation  times  of  the  samples  were 
determined  by  standard  pulsed  NMR  tech- 
niques4.  The  spin-spin  relaxation  times  were 
determined  by  the  Hahn  spin -echo  method.  In 
this  technique,  a  pulse  of  duration  t,  such  that 
7H1  t=7r/2  where  7  is  the  gyromagnetic  ratio  and 
Hi  the  RF  field  strength  in  the  probe  of  the 
spectrometer,  is  applied  to  the  sample.  After  a 
suitable  length  of  time  /,  a  second  pulse  of 
duration  of  2t  is  applied  to  the  sample.  At  the 
time  2  r,  an  echo  signal  is  observed  by  the 
instrument.  Semilog  plots  of  the  intensity  of  the 
echo  signal  against  various  values  of  t,  are  then 
made  and  the  spin-spin  relaxation  time  T2 
determined  from  the  slope.  A  similar  technique 
is  used  in  the  determination  of  the  spin-lattice 
relaxation  time  T, .  The  method  is  referred  to  as 
the  90°-90°  pulse  method  since  two  pulses  of 
duration  t  as  given  in  the  equation  above  are 
used.  The  intensity  of  the  signal  immediately 
after  the  first  and  second  signals  are  measured 
and  their  difference  determined.  Semilog  plots 
of  the  difference  versus  the  time  interval  be- 
tween pulses  t,  for  various  values  of  r,are  made 
the  Ti  determined  from  the  slope. 

The  samples  were  prepared  by  placing  80x80 
printcloth  and  adding  the  solvent  in  aliquots  of 
several  drops.  The  tubes  were  placed  in  the 
instrument  probe  and  the  signal  observed  after 
each  addition.  When  a  signal  strong  enough  to 
produce  a  signal  to  noise  ratio  of  about  10  to  1 
was  observed,  the  measurements  of  the  relaxa- 
tion times  were  made.  Thus  the  concentration  of 
solvent  on  the  samples  may  be  regarded  as  the 


IVisiting  Scientist  from  Clemson  University. 

2porter,  B.  R.,  and  Orr,  R.  S.  Textile  Res.  Jour.  35:  159-167.  1965. 

3pittman,  R.  A.  Textile  Res.  Jour.  36:  1020-1021.  1966. 

4Farrar,  T.  C.  Pulsed  and  Fourier  Transform  NMR.  Academic  Press.  New  York,  N.  Y.  1971. 
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minimum  to  produce  an  adequate  signal. 

The  following  solvents  were  observed:  benzene, 
2-propanol,  methyl  alcohol,  ethyl  alcohol,  mor- 
pholine,  water,  dimethylsulfoxide,  and 
ethylenediamine.  The  solvents  are  listed  in  order 
of  increasing  swelling  index.  The  first  five, 
benzene  through  morphoHne,  had  swelhng  in- 
dices from  0  to  0.33  and  Ti  values  (milU- 
seconds)  from  1300  to  150.  The  next  group, 
water  and  dimethylsulfoxide,  had  swelling  in- 
dices of  1  and  1.2  and  Tj  values  of  200  and  180. 
The  ethylenediamine  has  a  swelhng  index  of  2.9 
and  Tj  of  110.  Thus,  generally,  the  greater  the 
swelling  power  of  the  liquid  the  smaller  the 
spin-lattice  relaxation  time.  The  spin-spin  relaxa- 
tion times  were  about  one-tenth  the  spin-lattice 
times  and  bore  a  similar  relationship  to  the 
swelling  indices.  Both  the  spin-spin  and  the 
spin-lattice  relaxation  times  of  the  pure  liquids 
were  much  larger  than  that  observed  for  the 
sorbed  liquids.  These  data  indicate  that  the 
greater  the  swelling  power  of  the  liquid  the  more 
tightly  bound  and  immobihzed  it  is  on  the 
cellulose. 

In  addition  to  the  organic  solvents  studied,  a 
series   of   aqueous    solutions   of  NaOH  ranging 


from  0  to  25  percent  concentration  were  investi- 
gated. Cotton  linters  were  saturated  with  the 
solutions  then  pressed  to  remove  excess  liquid. 
As  the  concentration  increased  from  0  to  12 
percent,  Tj  decreased  from  about  500  milli- 
seconds to  about  180  milliseconds.  As  the 
concentration  increased  beyond  12  percent,  it 
became  evident  that  the  protons  were  in  two 
distinct  states  of  sorption  as  evidenced  by  the 
existence  of  two  spin-lattice  relaxation  times. 
The  more  tightly  bound  portion  of  the  protons 
(calculated  to  average  about  25  percent  with 
considerable  scatter)  exhibited  a  Tj  of  about  50 
milliseconds  with  a  tendency  to  decrease  over 
the  range  12  to  25  percent  concentration.  The 
remainder  of  the  protons  observed  had  Tj  equal 
to  about  190  milliseconds.  The  appearance  of 
multiple  spin-lattice  relaxation  times  at  12  per- 
cent concentration  is  significant  inasmuch  as  this 
is  the  minimum  concentration  at  which  merceri- 
zation  will  take  place  at  room  temperatures.  The 
observations  made  in  this  work  were  restricted 
to  these  protons  associated  wdth  the  liquids 
sorbed  on  the  cotton  since  instrumental  parame- 
ters prevented  the  observation  of  the  cellulose 
protons. 
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D.  W.  Jones  (5),  after  an  exhaustive  study  of 
cellulose  structure,  concluded  in  1960  that  no 
conventional  arrangement  of  twofold  screw  axis 
chains  can  provide  the  X-ray  intensity  distribu- 
tion found  for  native  cellulose.  With  the  aid  of 
modern  computers  and  recent  information 
about  residue  conformation  (4,  J_),  we  have  been 
re-examining  the  cellulose  structures.  Since  only 
a  small  amount  of  information  is  available  from 
any  one  cellulose  X-ray  diagram,  we  have  de- 
cided to  study  several  of  the  polymorphs  and  to 
try  to  correlate  the  results. 

Five  distinct  polymorphs  which  are  ap- 
parently composed  of  only  cellulose  have  been 
recognized.  In  recent  years,  investigators  have 
also  added  subscripts  to  cellulose  III  and  IV  to 
indicate  whether  their  origin  was  cellulose  I  or 
cellulose  II.  Of  the  total  of  seven,  I,  II,  IIIj,  IVj, 
and  Illn  are  currently  under  study  here;  cellu- 
lose IVn  and  cellulose^ are  not  under  considera- 
tion at  present. 

One  question  debated  throughout  the  his- 


tory of  cellulose  structural  investigation  has 
been  the  presence  of  odd-order  meridional  re- 
flections (10,  _8).  We  chose  the  precession 
technique  to  investigate  these  reflections  be- 
cause the  need  to  tilt  the  fiber  is  eliminated.  In 
addition,  we  have  learned  that  the  Lorentz 
corrections  for  meridional  intensity  measure- 
ment are  possible  for  the  precession  instrument 
(7)  but  are  exceedingly  difficult  for  the  tilted 
fiber  techniques  using  flat-plate  or  cylindrical 
cameras  (3). 

We  have  been  able  to  learn  a  substantial 
amount  of  information  from  these  photographs. 
Cellulose  I,  IIIj,  and  IVj  do  not  have  twofold 
screw  axis  chains;  distinct  odd-order  meridional 
reflections  are  definitely  present.  The  intensity 
of  these  reflections  is  rather  low,  but  their 
complete  absence  is  required  if  a  twofold  screw 
axis  is  present.  Moreover,  intensity  calculations 
show  that  only  low  values  are  expected,  even 
with  substantial  deviations  from  twofold  screw 
axis  conformations.  Cellulose  II  (Fortisan)  dia- 
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grams,  on  the  other  hand,  show  no  odd-order 
meridionals,  but  one  can  only  say  space  group 
P2i  is  a  possibility  for  cellulose  II.  Cellulose 
Illn,  while  being  much  less  crystalline  than 
cellulose  II,  appears  to  have  the  same  meridional 
intensity  distribution  as  cellulose  II,  so  here 
again,  space  group  P2i  is  a  possibility.  Other- 
wise, the  possible  space  groups  are  P2  and  PI  for 
all  the  polymorphs.  Space  group  P2  can  only 
have  parallel  chains  with  no  relative  translation, 
while  PI  can  have  either  parallel  or  anti-parallel 
chains  with  any  amount  of  translation.  If  the 
space  group  is  PI,  as  has  been  established  for 
native  Valonia,  then  the  angles  a  and  7  of  the 
triclinic  unit  cell  must  be  very  close  to  90°. 

Different  values  for  the  meridional  intensity 
ratios  are  found  for  cellulose  I,  II,  IIIj,  and  IVj. 
T.  Kubo  (6)  correctly  understood  the  reason  for 
the  differences  in  meridional  intensities  in  1940 
after  using  an  oscillating  fiber  technique.  Essen- 
tially, the  chains  must  either  be  translated 
relative  to  each  other  or  the  position  of  some 
reasonably  heavy  group,  such  as  oxygen  (6) 
must  change  dramatically  to  account  for  the 
differences  among  the  polymorphs. 

The  equatorial  intensities  point  up  the  other 
major  differences  among  the  polymorphs,  i.  e., 
the  size,  shape,  and  packing  of  the  unit  cell. 
Measurements  of  the  precession  photographs, 
using  all  the  reflections,  have  given  support  to 
Wellard's  values  for  cellulose  I  (9);  necessitated  a 
small  change  for  cellulose  II;  confirmed  Barry, 
Peterson,  and  King's  values  for  cellulose  III  (2^), 
(thereby  refuting  Wellard's  values);  and  required 
a  small  change  for  cellulose  IV.  Using  these  unit 
cell  values,  and  equatorial  intensity  values, 
Fourier  maps  have  been  prepared  which  illus- 


trate the  general  position  of  the  chains  within 
the  unit  cell.  Since  the  packing  of  the  cellulose 
nil  and  cellulose  Illn  unit  cells  is  essentially  the 
same,  while  the  meridioned  intensities  are  very 
different,  it  is  concluded  that  there  is  most 
likely  an  important  difference  in  the  position  of 
oxygen  (6).  The  Fourier  maps  may  also  be  used 
to  fix  the  location  of  complexing  molecules  in 
cellulose  complexes.  A  map  of  the  N-methyl-1, 
3-propanediamine  cellulose  complex  shows  that 
the  complexing  molecules  are  arranged  in  double 
rows  between  the  rows  of  cellulose  chains. 
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The  textile  properties  of  cotton  are  de- 
pendent on  its  natural  fibrous  and  molecular 
structures.  During  the  modification  of  the  prop- 
erties of  cotton  the  interactions  of  different 
solvents  and  solutions  which  alter  these  natural 
structures  are  particularly  important.  The  effects 
of  these  interactions  may  be  divided  into  three 
general  classes,  as  follows:  (1)  the  crystal  lattice 
structure  of  cotton  is  either  reversibly  or  irre- 
versibly   altered;    (2)    the    accessibility    of  the 


hydroxyl  groups  on  the  cellulose  molecule  to 
chemical  reagent  is  changed;  and  (3)  the 
morphology  of  the  fibrous  structure  is  changed. 
In  practical  applications  most  of  the  solutions 
used  have  been  aqueous.  More  recently  there  has 
been  considerable  interest  in  the  possible  prac- 
tical use  of  organic  solvents  and  ammonia  in 
textile  finishing.  Generally,  the  interactions  of 
solvents  and  solutions  with  cotton  have  been 
evaluated    by    determining    the    properties    of 
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cotton  textile  products  prepared  under  different 
experimental  conditions. 

In  this  discussion,  applications  of  SMN's 
electron  spin  resonance  trapped  radical  tech- 
nique to  the  evaluation  of  the  interactions  of 
solvents  and  solutions  wdth  cotton  are  outlined. 
Cotton  is  irradiated  by  high  energy  ionizing 
radiation,  such  as  cobalt-60  ^amma-radiation,  to 
a  dosage  of  one  megarad  or  less.  At  this  dosage, 
dehydrogenation  reactions  of  the  cellulose  mole- 
cule are  initiated.  Trapped  free  radicals  are 
formed  within  the  cellulosic  structure.  Then  the 
interactions  of  various  solvents  and  solutions 
w^ith  cotton  under  different  experimental  condi- 
tions are  evaluated  by  the  rate  and  selectivity  of 
the  scavenging  of  the  trapped  cellulosic  free 
radicals.  It  should  be  emphasized  that  at  the 
radiation  dosages  used  only  very  small  changes 
in  the  textile  and  chemical  properties  of  cotton 
are  recorded.  Also,  the  electron  spin  resonance 
technique  makes  possible  a  more  dynamic  evalu- 
ation of  the  interactions  of  solvents  and  solu- 
tions with  cotton  than  the  usual  product  prop- 
erty methods. 

Most  of  the  interactions  of  solvents  and 
solutions  were  determined  with  irradiated 
cotton  cellulose  which  initially  had  crystal  lat- 
tice types  I  and  II.  Cotton  cellulose  II  was 
prepared  from  cotton  by  the  usual  mercerization 
techniques.  Interactions  of  both  liquid  and 
gaseous  water  with  cotton,  which  had  been 
ball-milled  and  decrystallized  with  ethylamine 
and  had  lattice  types  III  and  IV,  were  also 
determined.  Aqueous  solutions,  which  contained 
inorganic  solutes,  used  included  solutions  of 
sodium  hydroxide  and  zinc  chloride.  Organic 
solvents,  to  which  different  amounts  of  water 
were  added,  used  included  acetone,  acetonitrile, 
ethanol,  N,  N-dimethylformamide,  dimethyl- 
sulf oxide,  and  methanol.  The  interactions  of 
both  liquid  and  gaseous  anhydrous  ammonia 
with  cotton  were  recorded.  The  effects  of 
interactions  of  solutions  with  the  trapped  free 
radicals  in  cotton  to  initiate  chain  reactions  vidth 
one  or  more  of  the  components  of  the  solution 
were  also  determined  by  both  electron  spin 
resonance  spectroscopy  and  product  formation. 

The  scavenging  of  trapped  radicals  by  water 
(both  liquid  and  vapor)  were  dependent  on  the 
lattice  type  and  temperature.  For  example, 
about  70  percent  of  the  radicals  formed  in 
irradiated  cotton  cellulose  I  and  about  90 
percent  of  the  radicals  formed  in  irradiated 
cellulose  II  are  scavenged  by  contacting  the 
samples  with  water,  particulairly  at  above  room 
temperatures.    In    ball-milled    and    ethylamine- 


decrystallized  cotton  almost  all  of  the  free 
radicals  were  scavenged  by  water.  Differences  in 
hydrogen  bonding  in  the  irradiated  cottons, 
which  had  different  lattice  types  and  were 
contacted  with  water,  were  reflected  in  the 
hyperfine  splittings  of  ESR  spectra  recorded. 

Interactions  of  cotton  with  solutions  of 
sodium  hydroxide  and  zinc  chloride  were  de- 
pendent on  concentration  of  the  solute.  In  the 
case  of  cotton  cellulose  I  interaction  of  solutions 
of  sodium  hydroxide  reached  a  maximum  when 
conversion  of  lattice  type  I  to  II  occurred. 
Maximum  interaction  of  solutions  of  zinc  chlo- 
ride with  cotton  occurred  at  about  70  percent 
salt  concentration.  The  apparent  rates  of  diffu- 
sion of  selected  organic  solvents  into  cotton 
were  as  follows:  H2C  >  CH3  0H,CH3COCH3  ) 
DMSO  >  DMF  )  CH3CN.  The  apparent  rates  of 
diffusion  of  pure  solvents  into  cotton  were  the 
reverse  of  those  of  aqueous  solutions  of  these 
solvents  into  cotton.  This  may  reflect  differ- 
ences in  molecular  association  (solvation)  for 
each  of  these  solvents  with  water. 

Anhydrous  ammonia  (gas)  at  25°  C.  and 
atmospheric  pressure  acted  as  a  weak  swelling 
agent  for  cotton  cellulose  I  and  increased  the 
vibrational  state  of  the  cellulose  chains,  particu- 
larly in  the  highly  accessible  regions,  so  that 
recombination  of  some  of  the  free  radicals 
occurred.  When  cotton  cellulose  I  was  contacted 
with  anhydrous  ammonia  (liquid),  most  of  the 
free  radicals  were  scavenged.  After  the  ammonia 
(liquid)  was  removed,  apparently  changes  in  the 
lattice  type  and  degree  of  order  in  cotton 
increased  the  accessibility  of  the  remaining  free 
radicals,  so  that  they  were  readily  scavenged  by 
water. 

Interactions  of  solutions  of  vinyl  monomer 
wdth  the  trapped  free  radicals  in  cotton  to 
initiate  chain  copolymerization  reactions  were 
dependent  on  lattice  type  and  composition  of 
the  solution.  For  example,  from  water  the 
extent  of  copolymerization  of  ethyl  acrylate 
vrith  irradiated  cotton  cellulose  I  was  greater 
than  with  cotton  cellulose  II;  from  methanol  the 
extent  of  copolymerization  with  irradiated  cel- 
lulose II  was  greater  than  with  cellulose  I.  From 
methanol  (40  vol-percent)  —  water  (60  vol- 
percent)  maximum  extent  of  copolymerization 
occurred  with  both  irradiated  celluloses;  how- 
ever, the  extent  of  copolymerization  was  less 
with  irradiated  cellulose  II  than  with  cellulose  I. 

Possible  applications  of  these  types  of  data 
in  the  development  of  solvent  finishing  processes 
for  cotton  were  discussed. 
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To  provide  specific  information  necessary 
for  the  development  of  a  new  textile  processing 
system  based  on  conveying  and  manipulating 
cotton  fibers  by  electric  fields,  some  of  the 
theoretical  aspects  of  a  fiber's  electrodynamic 
behavior  in  uniform  and  nonuniform  fields  have 
to  be  considered. 

The  forces  on  charged  fibers  in  a  field  are 
predominately  coulombic  when  the  fibers  are  far 
from  the  boundary  surfaces.  If  the  fibers  ap- 
proach to  within  a  centimeter  or  less  of  these 
surfaces,  other  forces,  such  as  mirror  and  dielec- 
tric forces,  began  to  effect  the  behavior  of  the 
fibers.  To  better  understand  and  predict  the 
movement  of  fibers  in  electric  fields  having 
either  conductive  or  non-conductive  boundaries, 
it  is  necessary  to  measure  the  dielectric  constant 
and  the  charge  on  the  fibers. 

The  measurement  of  the  charge  is  made  by 
one  of  two  methods  depending  on  the  size  of 
the  sample.  For  fiber  aggregates  of  approximate- 
ly 20  mg.  a  torsional  method  is  simple  and  gives 
consistent  results.  The  apparatus  consists  of  two 
adjacent  sets  of  parallel  plate  electrodes  within 
an  insulated  box.  A  nylon  rod  sample  holder  is 
suspended  by  a  perpendicular  steel  fiber  of 
known  torque  constant  with  the  end  of  the  rod 
in  the  center  of  the  electrode  configuration.  The 
steel  suspension  is  connected  to  a  calibrated 
indicator  for  measuring  the  angular  displacement 
of  the  nylon  rod. 

In  operation,  the  electrodes  were  raised  to 
some  given  potential,  then  a  sample  attached  to 
the  end  of  the  nylon  rod  was  touched  to  the 
charged  electrode  and  released.  A  torque  was 
developed  in  the  suspension,  the  value  of  which 
could  be  determined  by  measuring  the  angular 
deflection  of  the  suspension.  The  angular  deflec- 
tion or  torque  is  equated  to  the  force  on  the 
cotton  fiber  sample  due  to  the  charge  on  the 
fiber.  Figure  1  gives  the  relationship  of  charge 
on  a  sample  as  the  electric  field  intensity  is 
increased.  Charge  values  reach  as  high  as  10-8 
coulombs.  These  results  show  a  quadratic  rela- 
tionship 

F=kV2 
where  F  is  the  force,  V  the  voltage,  and  k  is  a 
proportionality    constant.    The    relationship    is 


quadratic  because  the  charge  on  the  sample  is  a 
direct  function  of  electrode  voltage  and  the 
force  is  a  linear  function  of  the  charge. 
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—  3  Parameter   Quadratic  Fit 
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Figure    1.    —        Torque      on      fiber      aggregates      of 
increasing  charge. 

Figure  2  is  the  plot  of  the  force  on  a  sample 
of  cotton  that  has  been  initially  charged  to  a 
specific  potential  of  40  KV  and  then  placed  in  a 
field  of  increasing  intensity.  This  relationship  is 
linear  and  of  the  order  of  magnitude  of  10-9 
coulombs. 

Measurements  of  charge  on  individual  fibers 
can  better  be  accomplished  by  the  direct  balance 
method.  A  fiber  is  suspended  from  an  electro- 
balance  directly  into  an  electric  field  so  that 
when  the  field  is  energized  the  force  of  the  field 
on  the  charged  fiber  is  directly  measured.  Figure 
3  gives  the  relationship  of  the  force  on  a  single 
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fiber,  previously  charged  to  40  KV,  as  a  function 
of  a  varying  field.  This  relationship  is  linear  to  a 
value  of  14  KV;  at  higher  potentials  the  charge 
tends  to  leak  off  the  fiber.  The  charge  on  single 
fibers  reached  a  value  of  approximately  10-10 
coulombs,  giving  a  much  higher  charge  to  mass 
ratio  than  for  a  cluster  of  fibers. 


F=aE§5 

dx 

vifhere  E  is  the  electric  field  and  the  product  a  E 
determines  the  polarization  of  the  material. 
dE/dx  is  the  differential  force  acting  on  the 
polarized  sample  in  the  direction  of  the  increas- 
ing field.  It  must  be  noted  that  if  the  field  is 
uniform,  F  disappears  since  dE/dx  is  zero. 
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Figure    2.     — 
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The  dielectric  constant  of  cotton  fiber  v^^as 
measured  by  a  novel  method  based  on  the 
Faraday  method  for  measuring  magnetic  suscep- 
tibility. 

Generally,  the  dielectric  constant  of  cotton 
is  measured  by  the  A.C.  bridge  technique  used 
for  measuring  capacitance.  Reliable  data  are 
difficult  to  obtain  by  this  procedure  since  it  is 
difficult  to  determine  the  packing  volume  of 
cotton  between  the  plates  of  the  capacitor.  The 
modified  Faraday  method  is  independent  of  the 
shape  of  the  sample.  In  a  non-uniform  field 
every  dielectric  material  has  a  force  acting  on  it 
given  by 


Figure    3.    —        Force   in   dynes   on    individual    fibers 
with   constant  charge. 

With  the  special  geometry  developed  by 
Faraday,  force  on  the  fiber  samples  can  be 
plotted  versus  the  square  of  the  voltage  giving  a 
straight  line  fit.  The  slope  of  this  curve  is 
proportional  to  the  value  of  the  dielectric 
constant  of  the  cotton  fibers.  The  results  ob- 
tained by  this  method  agree  favorably  with  the 
dielectric  constant  values  reported  by  other 
researchers. 

Although  this  program  was  conducted  in  one 
set  of  environmental  conditions,  it  is  felt  that 
the  information  gained  will  be  of  great  value  to 
further  research  in  the  development  of  a  new 
textile  processing  system. 
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The  total  oxygen  demand  (TOD)  of  waste 
water  obtained  from  the  desizing  of  cotton 
yarns  and  fabrics  treated  with  various  polymers 
and  sizing  agents  was  determined  and  compared. 
The  initial  objective  of  the  research  with  poly- 
mer size  formulations  was  to  improve  weaving 
efficiency,  durable-press  properties,  and  reduce 
pollution  potential  of  warp  sizes.  Some  formula- 
tions analyzed  included  those  containing  car- 
boxymethylcellulose,  polyvinyl  alcohol,  and 
starch,  either  alone  or  in  combination  with  a  low 
level  (2.7  percent)  of  dimethylol  dihydroxy- 
ethyleneurea  (DMDHEU).  Other  formulations 
investigated  contained  permanent  warp  sizes 
such  as  polyacrylates  and  polyurethanes.  These 
formulations  were  also  used  in  combination  with 
a  low  level  of  DMDHEU.  In  addition,  the 
permanent  sizes  were  used  in  combination  with 
carboxymethylcellulose  and  polyvinyl  alcohol  to 
increase  weaving  efficiency. 

The  desizing  of  the  warp  sized  yarns  and 
fabrics  to  obtain  waste  water  samples  was 
conducted  by  placing  a  50  gram  sample  of  yam 
or  fabric  in  1,500  grams  of  water  containing  0.1 
percent  of  an  alkylairylpolyether  sulfate  wetting 
agent  and  boiling  for  30  minutes.  In  cases  where 
starch  was  the  sizing  agent,  0.3  percent  of  an 
enzyme  was  added  and  the  bath  was  held  at  190° 
F  for  30  minutes. 

The  most  wddely  used  methods  for  analyzing 
waste  water  in  pollution  control  are  the  bio- 
chemical oxygen  demand  (BOD)  and  chemical 
oxygen  demand  (COD)  methods.  The  BOD 
method  of  analysis  is  used  to  determine  the 
amount  of  oxygen  consumed  during  biological 
oxidation,  but  the  method  has  a  distinct  dis- 
advantage in  that  5  days  are  required  to  conduct 
the  determination.  Furthermore,  any  oxygen 
consumed  after  the  5-day  period  is  not  ac- 
counted for.  The  COD  method  of  analysis  offers 
a  means  of  determining  the  amount  of  oxygen 
required  to  convert  organic  matter  to  carbon 
dioxide  and  water  through  chemical  oxidation. 
The  major  advantage  of  this  method  is  the  short 
time  (3  hours)  required  for  the  analysis.  How- 
ever, this  method  does  not  differentiate  between 
biodegradable  and  biochemically  inert  organic 
material. 

Another    method    of   analysis   is   the   total 


oxygen  demand  (TOD).  This  method  is  used  to 
determine  the  amount  of  oxygen  required  to 
convert  organic  or  inorganic  materials  to  their 
stable  oxides  by  reaction  at  temperatures  in  the 
vicinity  of  900°  C.  Although  the  method  is  not 
useful  in  determining  the  biodegradability  of  a 
substance  and  is  similar  to  the  COD  method  of 
analysis,  the  major  advantage  of  this  method  is 
that  only  3  minutes  is  required  for  each  deter- 
mination. The  TOD  method  of  analysis  is  not 
only  useful  in  determining  the  poUutional 
strength  of  waste,  but  also  in  determining  the 
effects  of  variation  in  warp  size  formulations. 
The  most  widely  used  warp  sizing  agents  in  the 
textile  industry  are  carboxymethylcellulose, 
polyvinyl  alcohol  and  starch.  The  TOD  of  waste 
water  from  warp  yarns  sized  vdth  these  materials 
was  determined.  The  waste  from  12.6  percent 
starch  sized  yarn  had  a  TOD  value  that  was  48 
percent  greater  than  that  for  yarn  sized  with  4 
percent  carboxymethylcellulose  and  58  percent 
greater  than  that  for  4  percent  polyvinyl  al- 
cohol. Substantially  lower  TOD  values  were 
obtained  by  incorporating  2.7  percent 
DMDHEU  in  the  sizing  formulations  and  then 
curing  the  yarns  for  10  minutes  at  320°  F. 
before  desizing.  After  curing  the  TOD  values 
were  reduced  by  66  percent  for  starch,  48 
percent  for  polyvinyl  alcohol  and  34  percent  for 
carboxymethylcellulose  waste.  In  this  case  the 
TOD  of  the  starch  sized  waste  was  approxi- 
mately the  same  as  that  of  the  polyvinyl  alcohol 
waste  sample.  However,  the  TOD  of  the  carbo- 
xymethylcellulose was  30  to  35  percent  greater 
than  that  of  the  starch  and  polyvinyl  alcohol 
sized  waste. 

Carboxymethylcellulose  and  polyvinyl  al- 
cohol were  also  used  in  combination  with 
polyacrylate  and  polyurethane  permanent  sizing 
agents.  The  main  reason  for  combining  these 
sizing  agents  in  a  single  formulation  was  to 
improve  the  weaving  efficiency  of  polymer- 
treated  yams.  An  unusually  high  amount  of 
shedding  and  buildup  of  polymer  on  the  loom 
occurred  when  12  percent  of  the  polymers  were 
used.  This  problem  was  eliminated  by  reducing 
the  concentration  of  the  permanent  polymer 
size  in  the  bath  to  8  percent  and  substituting  4 
percent  of  carboxymethylcellulose  or  polyvinyl 
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alcohol.  The  TOD  value  for  the  carhoxymethyl- 
cellulose-polyacrylate  waste  sample  obtained 
from  uncured  yarn  was  approximately  13  per- 
cent greater  than  that  for  the  carboxymethyl- 
cellulose  waste  sample  alone.  A  similar  increase 
was  also  obtained  for  the  carboxymethylcellu- 
lose-polyurethane  combination.  However,  after 
curing  the  carboxymethylcellulose-polyacrylate 
yarn  there  was  a  17  percent  reduction  in  TOD 
compared  with  the  cairboxymethylcellulose 
waste  control.  The  carboxymethylcellulose- 
polyurethane  waste  sample  had  a  slightly  higher 
value  than  the  carboxymethylcellulose  waste 
control.  In  all  cases,  the  TOD  values  of  waste 
water  obtained  after  curing  were  32  to  50 
percent  lower  than  those  of  the  uncured  samples 
and  the  carboxymethylcellulose-polyacrylate 
size  showed  the  greatest  reduction  in  TOD. 

Waste  water  samples  obtained  from  yam 
sized  with  polyvinyl  alcohol,  poly^/inyl  alcohol- 
polyacrylate,  and  polyvinyl  alcohol-polyure- 
thane  had  TOD  values  that  were  slightly  higher 
than  the  corresponding  treatments  with  car- 
boxymethylcellulose. However,  upon  curing 
these  yarns,  the  TOD  values  of  the  waste  water 
samples  were  44  to  61  percent  lower  than  those 
for  the  uncured  samples.  Furthermore,  the  TOD 
values  of  the  waste  from  the  cured  polyvinyl 
alcohol  and  the  polyvinyl  alcohol-polymer  series 
ranged  from  7.5  to  26  percent  lower  than  those 
obtained  from  the  corresponding  and  carboxy- 
methylcellulose series.  The  greatest  reduction  in 
TOD  was  obtained  with  the  polyvinyl  alcohol- 
polyacrylate  combination. 

An  analysis  of  TOD  values  of  waste  water 
obtained  from  unsized  raw  yarn  showed  that 
even  without  warp  sizing  agent,  the  sample  had  a 
TOD  value  of  1150  mg./l.  If  the  water  con- 
tained 0.1  percent  of  an  alkylarylpolyether 
sulfate  wetting  agent  only,  the  TOD  vadue  was 
520  mg./l.  This  meeins  that  the  raw  yam  was 
responsible  for  approximately  630  mg./l  of  the 
total  TOD.  The  data  indicate  that  in  cases  where 
DMDHEU  is  included  in  the  warp  size  formula- 
tions and  these  sized  yarns  are  cured,  the  raw 
yarn  and  wetting  agent  may  account  for  42  to 
60  percent  of  the  total  TOD.  These  results 
suggest  that  the  type  of  wetting  agent  used 
should  be  evaluated  for  pollution  control.  Of 
course,  other  factors  such  as  efficiency  of 
wetting  and  biodegradability  also  have  to  be 
taken  into  account. 

The    TOD    of   waste   water   obtained   from 


fabrics  that  were  warp  sized  was  also  deter- 
mined. A  comparison  of  TOD  values  obtained 
from  the  waste  water  from  yam  and  fabric 
indicated  that  the  TOD  values  of  waste  water 
from  fabric  sized  with  carboxymethylcellulose 
and  starch  were  39  and  36  percent,  respectively, 
lower  than  those  from  yam.  The  TOD  value  for 
polyvinyl  alcohol  warp-sized  fabric  was  17  per- 
cent lower.  After  crosslinking  the  fabrics  that 
were  warp  sized  with  2.7  percent  DMDHEU  in 
the  formulation,  the  TOD  of  the  fabric  waste 
water  from  carboxymethylcellulose  samples  was 
41  percent  lower  than  the  comparable  yarn 
sample.  Both  the  polyvinyl  alcohol  and  starch 
fabric  water  wastes  were  approximately  20 
percent  lower  than  their  respective  yam  samples. 
A  comparison  of  carboxymethylcellulose-poly- 
mer  and  polyvinyl  alcohol-polymer  warp-sized 
fabric  and  yam-water  wastes  revealed  that  the 
TOD  of  the  fabric-water  wastes  were  substan- 
tially lower  than  the  values  for  yarn  in  cases 
where  the  soluble  sizes  v/ere  combined  with 
poly  aery  late.  Where  polyiorethane  was  used  in 
combination  with  the  soluble  sizes,  the  improve- 
ment was  much  less  pronounced.  Curing  the 
carboxymethylcelluJose-polymer  size  in  combi- 
nation with  DMDHEU  led  to  a  21  and  34 
percent  reduction  in  TOD  compared  with  the 
water  wastes  from  yarn  sized  with  polyacrylate 
and  polyurethane.  After  curing  the  fabric  con- 
taining polyvinyl  alcohol-polymer  size  in  combi- 
nation with  DMDHEU,  the  TOD  for  the  fabric 
waste  water  containing  polyacrylate  was  reduced 
only  8  percent  when  compared  wdth  that  from 
yarn  whereas  the  reduction  with  the  poly- 
urethane was  29  percent.  The  lower  decrease  in 
TOD  in  the  case  of  polyacrylate  for  the  fabric- 
waste  water  was  mainly  due  to  the  low  TOD  of 
the  yarn  waste  water  whereas  in  the  case  of 
polyurethane,  the  TOD  from  the  yam  waste 
water  was  42  percent  higher  than  the  waste 
water  from  yam  sized  with  the  polyacrylate. 
The  data  show  that  it  is  possible  to  insolubilize  a 
water  soluble  polymer  by  incorporating  a  small 
amount  of  crosslinking  agent  such  as  DMDHEU 
in  a  warp  sizing  formulation.  By  combining 
water  soluble  sizing  agents  with  permanent  warp 
sizing  agents,  weaving  is  increased.  In  addition, 
the  durable  press  properties  of  the  resulting 
fabric  are  enhanced.  Finally,  the  total  amount  of 
sizing  agent  that  is  removed  from  the  fabric 
during  the  desizing  operation  can  be  substan- 
tially reduced. 
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INTRODUCTION 

Although  cotton  yarns  have  been  used  suc- 
cessfully in  knitting  for  many  years,  the  prin- 
ciple uses  have  been  with  the  coarser  counts  and 
in  the  heavier,  lower  priced  constructions.  The 
principal  limiting  factors  in  the  use  of  the  finer 
counts,  the  lighter,  fine  gage  knitted  construc- 
tions are  the  tendency  of  such  yarns  to  lint 
excessively,  the  lack  of  strength  and  uniformity 
of  strength,  and  the  lack  of  diameter  uniformity. 
The  purpose  of  this  research  was  to  seek 
methods,  through  the  chemical  finishing  of  the 
yams,  which  would  minimize  these  defects  and 
make  cotton  yarns  available  for  the  finer  gage, 
lighter  knitted  fabric  constructions. 

Although  early  in  the  project  it  was  felt  that 
some  improvement  in  diameter  uniformity  of 
cotton  yams  could  be  accomplished  by  die 
coating  the  yam  with  a  filmforming  finish,  the 
results  of  the  method  have  been  disappointing. 
Therefore,  we  concluded  that  the  necessary 
improvements  in  yarn  diameter  must  be  accom- 
plished during  the  yarn  manufacturing  process. 
This  report  will  concern  itself  mainly  with  the 
methods  and  techniques  which  have  been  inves- 
tigated to  reduce  the  linting  tendency  of  the 
cotton  yarns  and  to  improve  the  strength  and 
uniformity  of  strength. 

The  work  has  been  divided  into  two  main 
phases: 

(1)  the  screening  of  various  potential  finishes 
and  application  techniques  followed  by  the 
optimization  of  the  best  of  these  and 

(2)  the  use  of  the  best  technique  in  a  semi -plant 
trial.  The  first  phase  will  be  covered  in  this 
paper. 

INITIAL  SCREENING 
Compounds  were  selected  for  initial  screen- 
ing to  provide  a  wide  range  of  chemical  types. 
The  materials  used,  the  screening  application 
and  the  materials  selected  for  further  evaluation 
are  shown  in  table  1. 

Many  of  these  materials  were  found  to  either  do 
nothing  to  the  yam  properties  or  to  indeed  have 
a  dilatorious  effect.  Hence  the  remainder  of  the 
effect  was  concentrated  on  developing  optimum 
application  techniques  and  concentrations  for 
the  materials  indicated  v^dth  an  asterisk  in  table 
1. 


APPLICATION  METHODS 

The  initial  screening  was  first  carried  out  by 
using  a  die  coating  method  on  30/1  carded, 
bleached  cotton  yarn.  On  the  materials  selected 
for  further  evaluation  the  method  produced 
rather  uniform  coatings  and  yam  strength  was 
also  improved.  However,  there  was  little  or  no 
improvement  in  overall  yarn  diameter  uniform- 
ity and  the  process  proved  to  run  rather  slowly. 
A  pad  method  was  then  tried  as  ain  alternative. 
Initial  test  run  by  using  the  same  treating 
materials  at  the  same  concentrations  as  were 
previously  run  with  the  die  method,  indicated 
that  similar  or  improved  results  could  be  ob- 
tained by  the  pad  method  and  that  higher 
production  speeds  could  be  obtained.  All  further 
studies  used  the  pad  method.  The  details  of  the 
pad  method  are  as  follows : 

(a)  The  method  treats  a  single  end  of  yam  in 
a  continuous  fashion. 

(b)  The  yam  is  passed  through  a  single  dip  in 
the  treating  solution  followed  by  a  single 
nip  through  the  pad  rolls. 

(c)  The  pad  rolls  are  2  inches  in  diameter 
with  a  2  inch  wide  face  a  load  of  40 
pounds  is  applied  to  each  of  both  ends 
of  the  top  roll  axle. 

(d)  The  yarn  is  dried  by  passing  between 
two  4,000  watt,  quartz  tub  infrared 
heaters  which  are  6  feet  long. 

(e)  The  yarn  is  wound  on  a  3  inch  cone. 

NYLON  APPLICATION  BY 
INTERFACIAL  POLYMERIZATION 

Inasmuch  as  the  application  of  a  nylon  resin 
from  a  solvent  system  proved  ineffective,  and  it 
was  felt  that  the  application  of  such  a  resin 
should  show  some  beneficial  results,  an  experi- 
ment was  made  to  make  the  apphcation  by  an 
interfacial  polymerization  procedure.  The  pad 
previously  described  was  used  for  the  applica- 
tion using  both  of  the  roll  pairs  with  which  it 
was  equipped . 

The  yam  was  first  entered  into  a  bath 
containing  a  6  percent  by  weight  aqueous 
solution  of  hexamethylene  diamine,  squeezed 
and  then  entered  into  a  bath  containing  a  5 
percent  by  weight  solution  of  sebacyl  chloride  in 
perchloroethylene,  again  squeezed  and  dryed  as 
in  the  usual  pad  technique. 
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A  good  coating  was  obtained  on  the  yam 
and  the  yarn  properties  seemed  to  be  improved. 
Reversing  the  order  applying  the  treating  chemi- 


cals did  not  give  as  good  a  coating.  The 
optimization  procedure  v^as  carried  out  on  the 
previously  described  order  of  application. 


Table  1:  —  Materials  Initially  Screened  as  Potential  Finishes  for  Cotton  Knitting  Yarns 


Material 


Trade  Name 


Application 
cone.  &  solvent 


Further 
evalua- 
tion 


Carboxylmethyl  cellulose 
Methylcellulose 
Hydroxypropylcellulose 
Ester  of  vinylmethyl  ether 

and  maleic  anhydride 
Polyethylene 

Natural  rubber 

Polyethylene  oxide 
Polyethylene-vinylacetate  copolymer 

Butadiene-acryionitriie 

copolymer 
Resin-petroleum  wax 

Paraffin  wax 

Vinyl  latex 
Polyacrylic  material 
Polyisobutylmethacrylate 

Nylon  resin 

Nylon  by  interfacial 

Polymerization 

Polyvinylacetate 


CMC 

3  pet.  aqueous 

Methocell  MC 

2  pet.  aqueous 

Klucel 

20  pet.  ethanol 

Apertan  N 

25  pet.  aqueous 

Trisco  Polyeen  N 

30  pet.  aqueous 

emulsion 

20  pet.  toluene 

aqueous 

Carbowax  600  &  1500 

Elvax  40 

40  pet.  perchloro- 

ethyiene 

Hycar  1571 

41  pet.  latex 

Ingra-Tex 

36  pet.  aqueous 

emulsion 

20  pet.  mineral 

spirits 

Geon  576 

Acranyl  25 

6  pet.  ethanol 

Elvacite  2045 

20  pet.  mineral 

spirits 

Elvanmide 

40  pet.  formic  acid 

Resin  APX 

60  pet.  emulsion 

Soloid 

10  pet.  mineral 

spirits 

OPTIMIZATION  EXPERIMENTS 

The  optimization  procedure  consisted  of  the 
pad  application  of  the  several  agents  selected  for 
further  study,  at  several  bath  concentration 
levels.  The  yams  so  processed  were  then  tested 
for  tensile  properties  by  both  the  CRL  and  CRT 
machines,  loop  strength  and  frictional  proper- 
ties. The  friction  properties  were  determined  by 
using  the  AtLab  tester  with  the  metal  friction 
bars  replaced  by  a  fine  gage  latch  knitting 
needle.  The  running  speed  was  600  cm./min. 
Observations  were  also  made  of  the  tendency  of 
the  yam  to  lint  during  this  test.  The  results  of 
these  observations  indicated  that  a  significant 
improvement  in  the  tendency  of  the  yam  to  lose 
fiber  was  made  by  all  of  the  treatments  as 
compared  with  the  untreated  control  yarn. 
There  was  ailso  no  observed  tendency  for  the 
treated  yarns  to  shed  the  coating  material. 

Since  the  program  was  aimed  at  improving 
the  qualities  of  fine  cotton  yams  the  optimiza- 


tion   procedures   were   carried    out   on   a   70/1 
combed  cotton  yam  with  35  TPI  Z  tvdst. 

The  initial  experiments  using  the  cellulose 
ethers  produced  yarns  with  an  undesirable  in- 
crease in  stiffness.  To  overcome  this  defect  a 
softener  (Craemoyl)  was  added  to  these  mate- 
rials at  a  level  of  25  percent  of  the  weight  of  the 
cellulose  ether. 

The  application  levels  and  the  results  of  the 
above  physical  tests  are  shown  in  table  2. 
If    the    combination    of    toughness    and    loop 
strength  is  used  at  the  criterian,  the  following 
levels  are  optimum  for  each  of  the  treatments: 
Nylon  1.25  percent  HMD/1.5  percent  SBCl 
CMC  1  percent  +  0.25  percent  Creamoyl 
Methocel  1  percent  +  0.25  percent  Creamoyl 
Klucel  from  ethanol  1  percent  +  0.25  per- 
cent Creamoyl 

Klucel  from  water  1.25  percent 
Elvax  1.67  percent 
Soloid  1  percent 
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The  use  of  the  same  criterian  Elvax  at  the  1.67 
percent  level  seems  to  be  the  optimum  treat- 


ment closely  followed  by  Klucel  from  water  at 
the  1.25  percent  level. 


Table  2:  —  Comparative  Properties  of  Treated  Yarns  for  Optimization 


Break 

C.V. 

Elon- 

C.V. 

Tough- 

C.V. 

Stiff- 

Loop 

Strength 

Friction 

Treatment 

(g) 

(pet.) 

gation 

(pet.) 

ness 

(pet.) 

ness 

grams 

C.V.(pct.) 

in/out 

Control 

134.2 

16.5 

5.8 

12.4 

390.8 

21.6 

40.0 

203.3 

11.4 

1.9 

Nylon  IFP 

6  pet.  HMD/5  pet.  SBCI 

133.9 

17.9 

2.75 

18.2 

188.5 

34.3 

63.4 

250.7 

22.5 

4.0 

3  pet.  HMD/2.5  pet.  SBCI 

163.0 

11.9 

3.21 

16.8 

265.3 

25.0 

75.2 

202.0 

15.0 

4.0 

1.5  pet.  HMD/1.25 

pet.  SBCI 

166.6 

13.6 

3.46 

22.8 

289.5 

35.0 

55.6 

204.8 

12.0 

2.1 

CMC+soft 

2  pet. 

191.2 

21.7 

3.3 

28.2 

331.6 

40.6 

77.0 

228.0 

11.3 

2.1 

1  pet. 

191.2 

14.7 

3.73 

12.6 

361.6 

24.8 

66.8 

275.2 

19.8 

1.9 

0.5  pet. 

172.8 

15.3 

3.88 

13.4 

335.8 

21.9 

50.4 

193.6 

7.4 

1.9 

0.25  pet. 

Klueel+soft 

/ethanol 

5  pet. 

154.0 

15.1 

3.6 

18.6 

283.7 

31.4 

34.0 

186.0 

12.8 

1.9 

2  pet. 

144.4 

17.0 

4.22 

19.2 

313.1 

32.9 

30.4 

181.6 

18.6 

2.1 

1  pet. 

152.0 

17.9 

4.36 

16.7 

339.4 

31.7 

30.4 

227.3 

11.2 

1.9 

Klueel  (NS) 

/ethanol 

5  pet. 

161.6 

16.4 

3.65 

18.6 

301.4 

32.6 

31.6 

186.7 

14.9 

2.0 

2  pet. 

151.6 

10.6 

4.8 

12.7 

366.4 

20.7 

28.4 

256.7 

11.5 

1.9 

Klueel 

/water 

5  pet. 

172.6 

12.2 

3.48 

14.4 

304.3 

23.5 

38 

321.6 

7.09 

2.1 

2.5  pet. 

186.8 

14.7 

3.09 

17.8 

295.8 

31.8 

48 

346.0 

6.04 

1.9 

0.25  pet. 

172.8 

14.0 

3.4 

17.3 

299.6 

29.6 

45.2 

342.0 

8.6 

1.9 

Methoeei+soft 

2  pet. 

145.7 

16.0 

3.36 

17.3 

247.3 

28.0 

45.6 

212.8 

11.2 

2.0 

1  pet. 

162.0 

17.4 

2.89 

22.1 

242.3 

38.8 

46.1 

270.0 

9.0 

2.0 

0.5  pet. 

152.8 

15.0 

2.97 

22.2 

234.1 

37.8 

41.4 

194.4 

12.9 

1.9 

Elvax 

10  pet. 

155.4 

16.7 

3.66 

16.4 

289.8 

31.1 

34.0 

250.4 

8.7 

2.9 

5  pet. 

158.7 

16.1 

4.46 

17.9 

363.2 

33.4 

30.4 

261.3 

10.0 

1.9 

1.67  pet. 

165.5 

10.9 

4.71 

16.7 

393.2 

23.2 

30.7 

292.0 

10.6 

2.0 

Soloid 

2  pet. 

160.5 

14.0 

4.89 

18.2 

395.6 

24.9 

38.2 

256.0 

8.5 

2.0 

1  pet. 

160.0 

11.8 

5.49 

11.8 

444.7 

23.5 

42.0 

248.8 

8.5 

2.0 

0.5  pet. 

161.0 

8.3 

5.08 

11.4 

412.3 

19.0 

36 

247.0 

8.6 

2.0 

In  all  of  the  treated  yams  there  seems  to  be 
high  degree  of  correlation  between  the  breaking 
strength  and  the  breaking  extension  which  is  not 
found  in  the  control  yarn.  The  coefficients  of 
correlation  of  breaking  strength  to  breaking 
extension  range  from  0.68  to  0.95  for  the 
treated  yams  as  compared  to  0.26  for  the 
control  yam.  This  leads  us  to  believe  that  there 
is  a  different  breaking  mechanism  for  the  treated 
yarns  than  in  the  control  yam. 

Knitting  trials  on  the  70/1  yams  were 
disappointing.  Low  strength  of  the  base  yam 
and  the  increase  in  strength  due  to  the  treat- 


ments were  insufficient  to  allow  knitting  a  tight 
construction.  To  determine  the  reason  for  the 
poor  knitting  performance,  the  optimum  treat- 
ments derived  for  the  70/1  yarn  were  appUed  to 
a  55/1  cotton  yam  which  had  a  tvdst  multiplier 
of  3.  These  yams  were  subjected  to  the  same 
battery  of  tensils  and  loop  strength  tests  with 
the  results  as  shown  in  table  3. 

The  table  shows  that  the  results  of  the 
treatments  are  quite  similar  to  those  obtained  on 
the  70/1  yam  and  that  the  same  treatments 
represent  the  optimum  treatments. 
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Table  3.    The  properties  of  55/1  cotton  yarns  treated  with  the  best  of  the  agents  &  concentrations  shown  in  table  2 


Treatment  Tensile      C.V.         Elon-        C.V.     Tough-     C.V.        Loop       Strength 

(grams)  gation  ness  (grams)        C.V. 

(percent) 


Control 

179.6 

12.2 

6.69 

Elvax  1.67  pet. 

197.6 

6.0 

6.4 

Klucel  1.25  pet. 

from  ethanol 

194.7 

8.4 

6.8 

Klucel  1.25  pet. 

from  water 

202.9 

8.4 

6.3 

CMC  1  pet. 

198.2 

5.9 

5.3 

Methoeel  1  pet. 

190.0 

8.1 

5.3 

7.2  605.0  17.2  334.4  11.4 

4.8  633.6  10.1  368.0  8.7 

8.2  666.0  15.8  ■  416.0  8.2 

10.6  639.4  18.0  398.4  18.4 

7.5  528.2  12.5  386.0  6.0 

7.5  509.0  13.4  374.0  4,9 


SUMMARY 

The  treatment  of  100  percent  cotton  knit- 
ting yarns  can  result  in  an  increase  in  strength, 
increase  in  strength  uniformity,  increase  in  loop 
strength  and  loop  strength  uniformity.  These 
same  treatments  will  also  decrease  the  linting 
tendency  of  the  yarns  during  passage  over  the 
knitting  needle.  The  treatments  that  produce  the 
most  desirable  results  are: 

(1)  A    1.67  percent  by  weight  solution  of 
Elvax  in  perchloroethylene 

(2)  A    1.25  percent  by  weight  solution  of 


Klucel  L  from  either  a  water  solution  or 

a  95  percent  ethanol  solution,  with  or 

without   the   addition   of   0.25   percent 

softener. 

The  application  technique  is  by  single  end 

padding  although  there  seems  to  be  no  reason 

why  the  same  technique  cannot  be  applied  to 

warps.  The  Elvax  treatment  is  easily  removed  by 

cleaning   in   perchloroethylene   and   the   Klucel 

treatment  can  be  easily  removed  by  a  cold  scour 

with  water  or  with  95  percent  ethanol. 
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ABSTRACT 

Direct  and  reactive  dyeing  tests  were  exam- 
ined as  a  means  of  monitoring  efficiency  of 
blending  cottons  differing  widely  in  maturity.  If 
it  is  desired  to  determine  whether  maturity 
differences  vdll  cause  difficulties  in  dyeing  with 
dyes  and  processes  which  do  not  mask  such 
differences,  the  Goldthwait-Smith-Bamett 
(GSB)  (7)  test  and  the  Textile  Research  Center 
(TRC)  test,  newly  developed,  are  useful.  The 
TRC  test  has  been  found  superior  to  the  GSB 
test  in  several  respects.  If  on  the  other  hand,  it  is 
desired  to  determine  whether  maturity  differ- 
ences will  cause  difficulties  in  dyeing  wdth  dyes 


and  processes  which  do  mask  maturity  differ- 
ences, the  GSB  and  TRC  tests  are  not  indicated, 
rather  reactive  dyeing  tests  are  indicated. 

Dyeing  tests  indicated  that  blending  through 
the  second  drawing  stage  could  not  be  described 
as  having  produced  an  absolutely  uniform  long- 
range  axial  distribution  of  high-and  low-maturity 
cotton.  However,  the  blend  was  good  enough 
that  500  yard  lengths  of  a  3/2  twill,  a  bedford 
cord,  a  bark  cloth,  and  a  terry  toweling  were 
dyed  to  uniform  shades  acceptable  in  terms  of 
end  to  end  and  side  to  center  levelness,  neppy 
unlevelness,  and  levelness  along  discrete  yam 
lines  or  segments  thereof. 
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A  dyeing  test  to  be  used  on  staple  samples 
was  developed  to  allow  prediction  of  success  in 
level  reactive  dyeings  of  non-exhaustion  proc- 
esses on  fabrics  made  from  blends  of  high  and 
low  micronaire  cotton. 

INTRODUCTION 

The  supply-demand  situation  for  cotton  has 
changed  significantly  during  the  past  several 
years.  Not  only  technological  advances  and 
economic  pressures  in  the  agribusiness  and  tex- 
tile industries,  but  also  social  and  cultural  forces 
have  contributed  to  this.  The  latter  have  pro- 
duced a  new  popularity  for  cotton  as  a  natural 
comfort-fiber  (13). 

Over  the  last  five  decades,  it  had  become 
almost  an  unchangeable  principle  that  blends  of 
cottons  having  widely  divergent  micronaire,  or 
other  maturity-related  values,  would  cause  seri- 
ous difficulties  in  the  mechanical  operations  of 
yarn  formation  and  dyeing  yam  or  fabric  to 
union  shades  (1,  2,  4^8,  19-23).  Difficulties  in 
both  process  efficiency  and  product  quality 
were  cited. 

It  is  proposed  that  difficulties  in  yam 
manufacturing  and  dyeing,  due  to  blends  of 
cottons  having  widely  divergent  micronaire  val- 
ues, were  more  real  in  earlier  times  than  they 
have  to  be  now.  Improved  fiber  blending  opera- 
tions that  have  evolved  since  the  late  1950's, 
that  is,  during  the  polyester/cotton  blend  era, 
are  now  widespread.  Furthermore,  dyeing  tech- 
nology has  advanced  dramatically  since  the  early 
1940's.  Limitations  on  cotton  fiber  blends, 
based  on  yam  manufacturing  and  dyeing  diffi- 
culties in  earlier  times,  must  be  reassessed  in 
terms  of  technology  practices  in  today's  yam 
mills  and  dyeing/finishing  plants.  Thus  it  is 
imperative,  in  a  tight  supply-demand  condition 
that  may  not  be  short-lived,  to  examine  possibil- 
ities for  more  effective,  rational  use  of  the 
various  cottons  as  textile  raw  materials.  A  total 
system  mentality  must  increasingly  be  acquired. 

Some  of  these  factors,  as  well  as  others, 
justified  research  to  demonstrate,  for  nine  stand- 
ard woven  fabrics  made  from  a  blend  of  cotton 
of  micronaire  values  of  2.9  and  below  and  5.3 
and  above,  that  difficulties  in  yam  manufactur- 
ing and  dyeing  need  not  occur.  Parts  of  this 
research  have  been  already  reported  (24,  26)  and 
three  other  reports  will  appear  shortly  (14,  15, 
25).  It  was  also  desired  to  demonstrate  that 
extremes  in  grade  (color)  could  be  handled 
without  difficulty  in  yam  manufacturing, 
bleaching,  and  dyeing. 

MONITORING  BLENDING  EFFICIENCY 
VIA  DYEING  TECHNIQUES 

The  design  for  the  mechanical  operations  of 
yarn  formation,  including  blending,  and  the 
greige    fabric    construction    specifications  have 


already  been  described  (24-26).  Table  1  exhibits 
the  properties  of  the  cotton  raw  stock.  Fourteen 
bales  of  cotton  of  a  mean  micronaire  greater 
than  5.3  were  blended  with  14  bales  of  cotton 
of  mean  micronaire  less  than  2.9  to  give  an 
overall  mean  micronaire  value  of  3.9. 

Table  1.    Fiber  properties  of  cottons  selected 


Number 

Non-lint 

of 

Micronaire 

content 

Color 

Function 

bales 

reading 

(pet.) 

grade 

Mean 

7 

5.62 

2.46 

SLM 

CV  (pet.) 

4.05 

24.86 

Mean 

7 

5.55 

2.38 

SLM 

CV  (pet.) 

5.43 

20.50 

Mean 

7 

2.69 

8.79 

LMSP. 

CV  (pet.) 

5.84 

18.57 

Mean 

7 

2.87 

7.36 

LM  LT.  SP. 

CV  (pet.) 

3.95 

10.35 

G.  Meani 

3.916 

4.83 

^Weighted    for    blended    properties   to    result    in    a   3.8  to  4.0 
micronaire  at  finisher  drawing. 

It  has  become  almost  axiomatic  over  the 
past  50  years  that  blends  of  cottons  differing 
widely  in  micronaire,  or  other  maturity -related 
values,  will  cause  major  difficulties  in  dyeing 
yarn  or  fabric  to  union  shades  (1,  2,  4^8.  19-23). 
In  the  late  1940 's,  the  Goldthwait-Smith-Bamett 
(GSB)  differential  dyeing  technique  (1,^,7,  23) 
was  developed  to  aid  in  identifying  cotton  fiber 
maturity  differences  and  thereby  to  allow  "se- 
lecting cottons  for  even  running  and  dyeing,  for 
minimizing  dyeing  defects  due  to  excessive  neps, 
and  for  avoiding  such  troubles  as  may  arise  from 
irregular  blending  of  fibers  of  different  dyeing 
characteristics."  (1). 

Unlevel  dyeings  associated  with  maturity 
differences  may  be  related  to  two  different 
types  of  fiber  distribution  non-uniformity.  First- 
ly, neps  of  immature  cotton  on  a  fabric  field  of 
a  uniformly  distributed  blend  of  high  and  low 
maturity  cotton  in  the  yarns  can  cause  an 
obvious  specky  differential  dyeing  (unlevelness), 
the  neps  usually  being  dyed  to  a  lesser  depth  of 
the  same  hue.  Secondly,  a  non-uniformly  distrib- 
uted blend  of  high-and  low-maturity  cotton  in 
yarn,  otherwise  nepless,  can  cause  differential 
dyeing  along  discrete  yam  lines,  or  segments 
thereof.  Even  in  a  nepless  and  uniformly  distrib- 
uted blend  of  high  and  low  maturity  cotton  in 
yams,  a  skittery,  frosty  unlevelness  could  result. 
All  these  sources  of  unlevelness  depend  on 
differing  dye  uptake,  being  referred  to  as  differ- 
ential dyeing  (1,  2,  7,^).  This  produces  a  depth 
difference,  usually  at  a  constant  hue,  which  is 
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large  enough  to  be  troublesome,  that  is,  leading 
to  unlevelness,  but  too  small  to  be  technically 
useful  as  in  various  differential  dyeable  natural 
and  synthetic  fiber  sets  recently  available  (12). 

The  major  contributor  to  levelness  difficul- 
ties in  dyeing  yarns  or  fabrics  containing  imma- 
ture cotton  has  been  identified  as  neps,  which 
are  a  short  range  non-uniformity  being  wholly  or 
largely  composed  of  immature  cotton  (8).  How- 
ever, in  fabrics  containing  as  much  low  micron- 
aire  cotton  as  the  ones  in  this  work,  it  would  be 
expected  that,  even  in  nepless  fabrics^,  a  uni- 
form long  range  distribution  of  the  two  cotton 
maturities  both  radially  and  axially  in  the  yam 
would  become  more  important.  In  fact,  it  was 
recognized  at  the  outset  of  this  work  that  a  good 
radial  and  axial  blend  could  be  an  important 
condition  for  obtaining  successful  (level)  piece 
dyeings  to  union  shades.  It  is  logical  that,  for 
two  differently  dyeing  fiber  types,  a  uniform 
blend  will  produce  the  minimun  concentration 
of  either  of  the  fibers  at  all  locations.  In  this 
situation,  the  eye  might  detect  a  frostiness  or 
skitteriness  in  the  dyed  fabric,  but  not  a 
speckiness  due  to  neps,  or  an  unlevelness  along 
discrete  yam  lines  or  segments  thereof. 

Since  such  short  and  long  range  non- 
uniformities  result  from  non-optimum  mechani- 
cal operations  in  yarn  manufacturing,  it  was 
important  to  monitor  blending  efficiency.  This 
was  done  not  only  by  micronaire  measurements 
but  also  by  dyeing  tests  which  should  be  more 
relevant.  The  dyeings  were  of  three  types: 

(1)  The  GSB  differential  direct  dyeing  tech- 
nique [ASTM  D  1464-63]  (2), 

(2)  The  TRC  direct  dyeing  technique  devel- 
oped for  this  work,  and 

(3)  A  yellow  reactive  dyeing. 

The  GSB  differential  dyeing  test  uses  a 
binary  direct  dye  combination  (Chlorantine  Fast 
Green  BLL  and  Diphenyl  Fast  Red  5BL).  As  a 
result  of  the  dyeing^ ,  immature  cotton  fibers  are 
dyed  more  or  less  green,  and  mature  fibers  are 
dyed  more  or  less  red.  The  GSB  test  utilizes  only 
visual  assessment  and  reports  only  qualitative, 
comparative  rankings.  One  serious  difficulty 
with  the  GSB  test  is  connected  with  the  gray 
component,  resulting  from  subtractive  mixing  of 
red  and  green  from  correspondingly  colored 
fibers.  It  is  rare  to  find  a  sample  of  ginned 
cotton  which  has  anything  but  a  mixture  of 
maturities,    thus    one    generally    obtains    GSB 


dyeings  on  staple  samples  which  range  from 
greenish -gray  to  reddish-gray.  The  gray 
component  is  often  large  and  always  trouble- 
some, since  even  long  experienced  color  match- 
ers have  difficulty  in  correctly  (visually)  assign- 
ing the  true  gray  concentration  to  lightness- 
darkness  rather  than  to  saturation.  Thus,  it  is 
well  that  the  ASTM  test  (2)  does  not  propose 
any  scheme  of  visually  assessed  rankings  with 
reference  to  an  absolute  scale.  Koch  (16,  17), 
however,  used  a  0  to  5  scale  for  reporting  GSB 
results,  5  representing  the  most  mature  and  0, 
the  most  immature.  A  comparison  by  Koch  in 
1971  (16,  17).  of  the  GSB,  causticaire,  and 
micronaire  tests  to  microscopically  determined 
maturity,  showed  that  the  GSB  test  correlates 
worst.  This  may  be  chiefly  due  to  the  gray 
component  difficulty  and  its  effect  on  the  visual 
ranking  procedure.  It  is  quite  clear,  however, 
that  the  GSB  test  does  visually  emphasize 
maturity  differences  and  very  greatly  so.  It  was 
used  in  this  work  since  it  is  a  very  real  part  of 
the  common  currency  of  maturity  testing.  It  was 
desired  to  see  how  it  would  perform  when  an 
attempt  was  made  to  quantify  its  results  on 
various  textile  protostructural  and  structural 
stages  of  the  project,  using  reflectance  spectro- 
photometry which  to  our  knowledge  had  not 
been  attempted. 

In  order  to  obtain  numerical  results,  free 
from  the  gray  component  difficulty,  a  modified 
GSB  test,  referred  to  as  the  TRC  (Textile 
Research  Center)  test  was  developed.  More 
detail  on  this  is  reported  elsewhere  (15).  Briefly, 
it  is  based  on  the  use  of  only  one  of  the  GSB 
dyes,  the  larger  molecular  weight  green  dye:  it 
proposes  that  the  rate  of  absorption  of  this  dye 
should  be  maturity-dependent,  that  is,  the  rate 
of  dyeing  of  immature  cotton  should  be  much 
faster  than  that  for  mature  cotton.  An  impor- 
tant consequence  of  the  TRC  test  is  that 
maturity  differences  will  be  related  only  to  color 
saturation,  that  is,  depth  of  shade  or  dye 
concentration,  not  to  saturation,  hue,  and  light- 
ness as  in  the  case  with  the  GSB  test.  One  might 
say  that  two  dyes  in  the  GSB  test  is  one  too 
many.  The  TRC  test,  therefore,  has  the  potential 
advantages,  at  least,  of  (a)  less  confusing  visual 
evaluation  of  color  differences,  (b)  more  rational 
instrumental  quantification  of  color  differences, 
and  (c)  a  simpler  dyeing  procedure  since  the 
boiling  water  rinse  of  the  GSB  test  is  omitted. 


lit  is  important  to  note  that  cotton  sticking  to  metallic  or  rubber  rolls  in  the  mechanical  operations  of  yarn  formation 
was  observed  at  no  time  in  this  work.  Close  surveillance  for  this  phenomenon  was  maintained.  From  statements  in  the 
literature  (20),  stickiness  due  to  the  low  micronaire  cotton  would  have  been  expected.  In  view  of  the  large  percentage 
of  low  micronaire  cotton  used,  low  process  efficiency  and  a  very  high  nep  count  could  have  been  expected  (20)  on 
this  basis.  Table  4  of  reference  25  indicates,  however,  that  the  latter  did  not  happen. 

^The  GSB  test  dyeing  method  is  readily  accessible  (2)  and  it  is  not  repeated  here. 
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The  reactive  yellow  dyeings  were  run  accord- 
ing to  conventional  exhaustion  technique  and 
were  included  since  the  direct  dyes  of  the  GSB 
and  TRC  tests  may  in  fact  overemphasize 
maturity  differences  in  relation  to  what  is  real 
and  practical  in  current  dyeing  technology. 

Figures  1,  2,  3,  and  4  show  the  correlation 
we  have  obtained  between  microscopically  de- 
termined maturity  and  micronaire,  GSB,  TRC, 
and  reactive  yellow  dyeing  tests,  respectively.  It 
is  emphasized  not  only  that  these  correlations 
result  from  a  set  of  similar  variety  cottons  over 
the  whole  maturity  range  but  also  that  the 
dyeing  tests  involved  quantitative  instrumental 
evaluation.  Table  2  compares  our  results  to 
those  of  Koch.  It  is  obvious  that  the  GSB  test 
correlates  very  well  with  maturity  if  the  results 
are  quantitatively  handled.  The  TRC  and  re- 
active yellow  dyeing  tests  give  the  same  order  of 
correlation  with  maturity.  It  is  indicated  that 
any  of  the  three  dyeing  tests  would  be  useful  in 
monitoring  maturity  differences.  They  all  have 
the  advantage  over  micronaire  values  of  yielding 
visually  perceptible  differences  and  greater  sensi- 
tivity to  differences  in  maturity. 
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Figure  4.    Dependence  of  K/S44Qnpf,  for 
reactive  yellow  dyeing  test  on  maturity 

For  the  research  at  hand,  it  is  only  possible 
to  evaluate  the  effect  on  dyeing  of  blending  the 
two  widely  differing  micronaire  populations 
used  here  (see  table  1).  The  mean  micronaire 
values  of  the  low  micronaire  population  and  the 
high  micronaire  population  are  separated  by 
about  2.8  micronaire  units,  which  is  a  large 
separation.  In  the  work  to  monitor  blending  by 
dyeing  tests,  a  high  micronaire  set  of  28  un- 
blended staple  samples  which  came  from  28 
half-bales  of  cotton  with  a  mean  micronaire 
value  greater  than  5.3  was  used  as  well  as  a  low 
micronaire  set  of  28  unblended  staple  samples 
which  came  from  28  half -bales  of  cotton  with  a 
mean  micronaire  value  less  than  2.9. 

Table  3  shows  reflectance  colorimetric  data 
related  to  determination  of  blending  efficiency 
via  dyeing  techniques.  The  colorimetric  param- 
eter K/S  has  its  usual  significance  of  direct 
proportionality  to  depth  of  shade  (3).  Compari- 
son   of   determined   K/S   values   for   (blended) 
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silver  to  values  calculated  on  the  basis  of  the         the  TRC  dyeing  test, 
actucd  blend  ratio  indicates  better  agreement  for 

Table  2.    Correlation  of  rapid  maturity  test  methods  to  microscopically  determined  maturity 


Rapid  test  method 

Microscopically 

determined  maturity 

Correlation  coefficient  (r) 

Koch 

Texas  Tech 

Causticaire 

0.83 

Micronaire 

.77 

0.93 

GSB  (visual  qualitative  ranking  on 
0-5  scale) 

<.68 

— 

GSB  (instrumental  quantitative) 

:92 

TRC  (instrumental  quantitative) 

-.87 

Reactive  (instrumental  quantitative)  yellow 

.88 

Table  3.     Dyeing  tests  in  monitoring  blending  efficiency 


Test 


K/S 


Calculated 


GSB  dyeing  on: 


A.I  Low  micronaire  unblended  staple  1.80 

A. 2  2nd  drawing  sliver  from  unblended  staple  2.18 

A. 3  High  micronaire  unblended  staple  2.83 


2.39 


TRC  dyeing  on: 


B.I  High  micronaire  unblended  staple  2.36 

B.2  2nd  drawing  sliver  from  unblended  staple  2.69 

B.3  Low  micronaire  unblended  staple  3.03 


2.74 


0.2 


percent  intracon  golden  yellow 


F2R-A  dyeing  on: 

C.I  Low  micronaire  unblended  staple  .76 

C.2  2nd  drawing  sliver  from  blended  staple  .88  .94 

C.3  High  micronaire  unblended  staple  1.07 


The  K/S  values  in  table  3  were  derived  from 
plots  like  those  in  figures  5  and  6.  Figure  5 
exhibits  the  variability  of  cotton  maturity  as 
monitored  by  K/S  from  GSB540  dyeings 
throughout  the  low  micronaire  set  of  staple 
samples  from  28  half-bales.  Figure  6  shows  the 
same  parameter  throughout  the  high  micronaire 
set.  It  is,  therefore,  obvious  that  within  the 
separate  sets  of  28  low,  or  28  high  micronaire 
unblended  staple  samples,  variability  as  moni- 


tored by  GSB540  was  considerable.  It  was  found 
that  the  TRC  test  identified  similar  variability, 
but  the  reactive  yellow  tended  to  mask  variabil- 
ity. GSB  and  TRC  direct  dyeing  tests  do 
effectively  monitor  (emphasize)  large  and  small 
maturity  differences,  if  it  is  desired  to  determine 
whether  maturity  differences  will  cause  diffi- 
culties in  dyeing  with  dyes  and  processes  which 
do  not  mask  or  cover  maturity  differences. 
However,   reactive   dyeing   tests   would  not  be 
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very  effective  in  that  regard  —  they  would  be 
relevantly  used  to  determine  whether  maturity 
differences  will  cause  difficulties  when  dyeing 
with  dyes  and  processes  which  mask  or  cover 
such  differences. 
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described  as  having  produced  an  absolutely 
uniform  long  range  axial  distribution  of  high  and 
low  maturity  cotton.  It  is  realized  that  the 
variability  within  both  the  high  and  low  micron- 
aire  staple  sets  contributes  to  the  variability 
apparent  in  the  sliver. 
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LOW  MICRONAIRE  SET  FROM  28  HALF-BALES 
Figure  5.    Variability  in  maturity  shown  by  GSB  test  in  a 
set  of  samples  from  28  half-bales  of  low  micronaire  cotton 

It  is  obvious  that  variability  monitored  by 
dyeing  tests  exists  within  the  set  of  either  28 
low  or  28  high  micronaire  unblended  staple 
samples,  however,  it  is  not  as  large  in  the  sliver. 
This  demonstrates  not  only  a  very  sensitive  test 
for  maturity  but  also  that  the  biological  mate- 
rials with  which  we  are  dealing  are  not  subject  to 
narrow  quality  control  limits.  That  is  to  say,  a 
certain  and  larger  amount  of  variability  should 
be  expected  and  is  shown  to  occur  that  would 
be  allowed  in  industrially  manufactured  mate- 
rials. Therefore,  blending  of  high  efficiency  is  all 
the  more  imperative. 

Figure  7  exhibits  a  sequential  examination 
of  second  drawing  sliver  at  74  points  by  the 
TRC  dyeing  test.  Although  it  is  not  possible,  at 
this  time,  to  accurately  draw  limit  lines  of  just 
perceptible  color  difference,  it  is  known  that 
there  is  sufficient  color  variation  to  definitely 
state  that  blending  in  this  project  could  not  be 


HIGH  MICRONAIRE  SET  FROM  28  HALF-BALES 
Figure  6.    Variability  in  maturity  shown  by  GSB  test  in  a 
set  of  samples  from  28  half-bales  of  high  micronaire  cotton 
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SEQUENCE  or  SAMPLING  OF  2N0  DRAWING  SLIVER 


Figure  7.    Sequential  examination  of  2nd  drawing  sliver 
at  74  points  by  the  TRC  dyeing  test 

Considering  one  approach  to  statistical  eval- 
uation of  the  data  on  the  staple  and  sliver,  one 
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population  was  28  samples  of  high  micronaire 
staple,  a  second  was  28  samples  of  low  micron- 
aire staple,  and  a  third  was  74  samples  of  second 
drawing  sliver  from  blended  staple.  Statistical 
evaluation  of  K/S  values  is  found  in  table  4. 

Table  4.    Evaluation  of  K7S  data 


Dyeing 
test 


K/S 


(pctj 


Low  micronaire  staple  set 


Yellow  reactive 

GSB540 

TRC620 


0.76 
1.80 
3.03 


±  0.04 
±  .19 
±     .24 


High  micronaire  staple  set 


Yellow  reactive 


GSB 
TRC 


540 
620 


1.07 

±0.06 

2.83 

±     .23 

2.36 

±    .24 

5.57 

10.26 

8.02 


6.01 

8.19 

10.29 


2nd  drawing  sliver  from  blended  staple 


Yellow  reactive 
GSB540 

TRC620 


0.88 

+ 

0.04 

2.18 

+ 

.18 

2.69 

+ 

.10 

The  mean  (K/S)  is  shown  for  each  dyeing 
test  on  each  different  substrate.  The  standard 
deviation(s)  is  about  the  same  in  each  set  for  the 
reactive  dyeing.  It  is  about  the  same  for  the  GSB 
and  TRC  direct  dyeings  for  high-and  low- 
micronaire  staple  through  higher,  while  s  of  the 
TRC  test  on  sliver  is  significantly  lower  than  s  of 
the  GSB  test. 

The  coefficient  of  variation  [CV,  percent] 
expresses  the  dispersion  within  the  population. 
The  dyeing  tests  have  COVs  related  as  follows: 

sliver:  TRC<yellow  reactive<GSB 

low  micronaire  staple:  yellow  reactive<TRC< 
GSB 

high  micronaire  staple:  yellow  reactive<GSB( 
TRC. 

Therefore,  it  is  shovm  that  as  dispersion  (CV) 
decreases  (that  is,  high  micronaire  staple  >  low 
micronaire  staple  >  sliver,  so  does  the  dispersion 
of  the  TRC  test. 

Table  5  outlines  work  on  the  translation  of 
staple  from  each  of  the  14  low  micronaire  bales 
and  each  of  the  14  high  micronaire  bales 
sepairately  into  yam  and  then  into  3-inch  bands 
in  a  single  jersey  knit.  It  was  desired  to 
determine  how  the  three  dyeings  on  three  of 
these  28-banded  knits  might  show  color  variabil- 
ity v\athin  the  low  micronaire  set  of  bands  and 
within  the  high  micronaire  set  of  bands,  and  to 
compare  this  with  the  color  variability  of  the 


same  three  dyeings  on  the  low  and  high  micron- 
aire staple  sets.  This  could  give  information  on 
how  much  blending  out  of  the  relatively  small 
micronaire  variation  within  the  low,  and  high, 
micronaire  staple  sets  occurs  in  processing  to 
yam.  Since  quantitative  color  comparisons  be- 
tween dyed  staple  samples  and  dyed  knit 
samples  would  have  to  be  made,  the  surface 
form  effect  would  complicate  such  comparisons. 
It  was  found,  however,  by  visual  assessment  of 
band  junctions  in  the  banded  knits  (lines  A  and 
B,  table  5)  that  none  of  the  three  dyeings  on  the 
banded  knits  allowed  the  conclusion  that  the 
blending  in  conventional  conversion  of  staple  to 
yam  removed  all  the  maturity  variability  within 
the  low  set,  or  wdthin  the  high  set.  As  expected, 
the  GSB  and  TRC  direct  dyeings  tended  to 
emphasize  the  small  variability  between  bands  of 
one  or  the  other  of  the  maturity  sets  more  than 
the  reactive  dyeing. 

Table  5.    Outline  of  work  on  translation  effects 


Intracron 

golden 

4.11 

yellow 

8.09 

- 

F2R-A  0.2 

3  84 

GSB 

TRC 

percent 

Banded  knits 

dyeing 

dyeing 

OWF 

A.  FAK  sock  knit  with 
3  in.  yarn  bands 
from  unblended 
staple,  sample 
series  inserted 
once  only 

B.  FAK  sock  knit  with 
3  in.  yarn  bands, 
each  of  14  low  micro- 
naire yarn  bands 
adjacent  to  the  other 
13,  and  each  of  14 
high  micronaire  yarn 
bands  adjacent  to 
the  other  13 

C.  FAK  sock  knit  with 
3  in.  bands  of  yarn 
taken  sequentially 
during  mfg.  of  yarn 
from  blended  staple 
from  28  bales 


X 


X 


Analogously,  line  C  of  table  5  outlines  work 
on  the  translation  of  blended  staple  into  yarn, 
10  samples  being  taken  sequentially  throughout 
the  spinning  of  all  yam  in  the  project.  These 
yarn  samples  were  knitted  into  a  3-inch  band  in 
a  single  jersey  knit.  There  were  small  but  visually 
detectable  color  differences  between  all  the  10 
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bands,  that  is,  between  all  10  yam  samples, 
irregardless  of  the  dyeing  method.  However, 
once  again  the  reactive  dyeing  was  more  effec- 
tive in  masking  differences. 

It  is  important  to  emphasize  that  the  above- 
mentioned  reactive  dyeing  tests  were  done  by 
exhaustion.  It  is  expected  that  many  of  the 
maturity -related  color  differences  in  those  cases 
would  disappear  if  the  reactive  dyeings  were 
done  by  a  non-exhaustion  process.  In  fact, 
non -exhaustion  reactive  dyeings  are  very  success- 
ful in  covering  even  large  maturity  differences. 
CHEMICAL  PROCESSING 
OF  FIVE  PROJECT  FABRICS 

Difficulties  in  dyeing  blends  of  cotton  differ- 
ing widely  in  maturity  (and  the  associated  GSB 
test)  were  more  real  in  the  1940's  than  in  1972. 
These  difficulties  were  largely  coupled  to  ex- 
haustion dyeing,  and  to  the  direct  dye  class, 
which  is  probably  the  worst  class  in  emphasizing 
cotton  maturity  differences  (8).  To  this  day  in 
the  minds  of  some  (20),  there  is  still  a  strong 
image  of  major  problems  in  dyeing  cotton 
fabrics  containing  low  micronaire  fiber.  But  they 
have  overly  generalized  the  problem,  not  recedl- 
ing  that,  while  exhaustion  dyeing  of  cotton  with 
direct  dyes  was  dominant  and  with  reason  the 
major  contributor  to  this  image  in  the  1940 's, 
direct  dyes  have  now  been  largely  superseded  for 
cotton  textiles  by  dyes  giving  not  only  more 
durable  and  otherwise  attractive  dyeings,  but 
also  having  generally  good  potential  for  covering 
maturity  differences. 

Limitations  on  cotton  fiber  blends  due  to 
dyeing  difficulties  in  an  earlier  era  of  less 
well-developed  dyeing  technology  must  be  re- 
assessed in  terms  of  changes  in  that  technology. 
Such  limitations  are  not  necessarily  valid  today 
and,  to  be  sure,  if  they  were,  this  project,  which 


3/2  Twill  (denim) 


Bedford  Cord 


involved  piece  dyeing  of  four  fabrics,  could  not 
have  been  accorded  any  reasonable  chances  of 
success. 

Very  significant  changes  in  dyeing  of  cotton 
fabrics  have,  in  fact,  occurred  since  the  late 
1940's.  The  advent  of  non-exhaustion  dyeing 
processes  (10),  dyes  which  are  insensitive  to 
cotton  maturity  differences  (see  references  10, 
22,  and  shade  cards  of  most  dye  manufacturers), 
and  treatments  before  (6,  10,  22)  or  after  dyeing 
(9»  11 »  18)  are  the  most  important  in  regard  to 
the  situation  at  hand.  Mercerization  after  dyeing 
(9,  11,  18)  is  particularly  useful  where  dyes 
insensitive  to  maturity  differences  are  not  im- 
mediately available.  Even  Goldthwait  (8)  was 
able  to  establish  in  1961  in  a  comprehensive 
survey  of  commercially  dyed  cotton  fabrics 
containing  immature  cotton  in  neps  that  cover- 
age of  neps  in  dyeing  was  much  advanced  over 
the  late  1940's.  In  fact,  Goldthwait  had  to  use 
rather  extreme  means  to  identify  the  neps;  they 
were  not  visually  apparent  in  the  commercially 
dyed  fabrics.  This  improvement  over  the  15  or 
so  years  before  1961  was  ascribed  by  him  to  the 
use  of  non-exhaustion  dyeing  processes,  non- 
direct  dyes,  and  pre-mercerization. 

Just  as  steps  were  taken  to  optimize  blend- 
ing in  order  to  obtain  axial  and  radial  uniformity 
of  the  two  cotton  maturities  in  the  yam,  it  was 
also  imperative  to  design  the  chemical  processing 
so  that  maturity  differences  were  not  empha- 
sized. Briefly,  the  principles  outlined  above  were 
employed,  that  is,  non-exhaustion  dyeing  proc- 
esses, non-direct  dyes,  and  pre-mercerization. 

Chemical  process/operations  sequences  actual- 
ly used  in  the  semiworks  section  of  the  Chem- 
ical Processes  Pilot  Plant  to  convert  the  five 
griege  project  fabrics  into  500  yard  lengths 
of  finished  fabrics  are  summarized  as  follows: 

Bark  cloth 


brushing  and  singeing 

desizing 

caustic  steaming 

bleaching 

mercerizing 

dyeing 

durable  press  sensitizing 

sanforizingi 

Terry  toweling 


singeing 

desizing 

caustic  steaming 

bleaching 

mercerizing 

dyeing 

durable  press  sensitizing 

sanforizingi 

Huck  toweling 


desizing 

caustic  steaming 
bleaching 
dyeing 
stiffening 
latex  backing2 
soil/oil  repellent 
finishing 

2/2  Twill  (Canton  flannel) 


desizing 
caustic  steaming 


desizing 
caustic  steaming 


napping- 


^At  Mission  Valley  Mills,  Inc.,  New  Braunfels,  Tex. 
^At  Sanford  Finishing  Corp.,  Sanford  N.  C. 
^At  Houston  Textile  Co.,  Houston,  Tex. 
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Terry  toweling  (cont'd.) 


Huck  toweling  (cont'd.) 


bleaching 

dyeing 

rewetting/softening  finishing 

2/1  Twill  (pocket  drill) 

sanforizing^ 


bleaching 
optical  whitening 


Shoe  duck  and  sheeting 

no  finishing  required 


Finishing  details  are  contained  in  22  pages  of  process  sequence  charts  which  are  available  in  reference  14. 
^At  Brentex  Mills,  Inc.,  Brenham,  Tex. 


These  sequences  evolved  stagewise  from  initial 
sequence  designs  to  intermediate  to  final  de- 
signs. The  initial  designs  were  based  on  the  best 
available  information  in  the  literature  and  from 
textile  chemical  manufacturers.  The  progression 
to  intermediate  and  final  designs  was  based  on 
numerous  miniplant  and  semiworks  trials  on 
fabrics  made  in  the  project  but  in  excess  of  the 
500  yard  finished  length  requirements. 

It  was  possible  to  produce  500  yard  lengths 
of  the  3/2  twdll,  the  Bedford  cord,  the  bark 
cloth,  and  terry  toweling  dyed  to  union  shades 
acceptable  in  terms  of  end  to  end  and  side  to 
center  levelness,  neppy  imlevelness,  and  levelness 
along  discrete  yam  lines  or  segments  of  yam. 

While  physical  properties  of  the  finished 
fabrics  were  somewhat  different  from  the  greige 
fabrics,  the  finished  fabric  properties  could  be 
attributed  to  the  process  rather  than  the  blend. 
Expected  reduction  of  tensile  strength,  abrasion 
resistance,  and  tear  resistance  were  no  greater 
than  for  comparable  fabrics  from  a  narrow 
micronaire  range.  A  detailed  presentation  of  the 
fabric  physical  properties  has  appeared  else- 
where (25). 

PREDICTION  OF  LEVEL  DYEING 

Since  this  project  involved  blending  cotton 
of  widely  differing  micronaire  populations,  it 
was  obvioits  that  the  GSB  testing  of  these 
cottons  unblended  or  blended  would  only  indi- 
cate that  this  blend  should  not  be  made.  What 
was  required  was  not  available,  namely,  a  test 
which  could  specify  the  largest  maturity  differ- 
ences in  a  blend  which  could  nevertheless  be 
successfully  dyed  in  piece  form  to  union  shades 
using  cotton  dyeing  technology  representative  of 
the  1970s,  that  is,  dyes  and  dyeing  processes 
which  cover  differences.  It  was  felt  that  even  in 
absence  of  such  a  test,  dyes  and  dyeing  processes 
were  available  which  would  allow  the  objects  of 
the  project  to  be  attained,  that  is,  the  dyeing  of 
500  yard  lengths  of  the  3/2  twill,  the  Bedford 
cord,  the  bark  cloth,  and  the  terry  toweling  to 
uniform,  level  shades  of  commercial  acceptabil- 
ity. Therefore,  we  proceeded  on  that  basis,  but 


realized  that  during  the  course  of  the  project, 
materials  would  be  available  to  attempt  the 
development  of  such  a  test. 

Experiments  were  designed  to  initiate  a 
first-stage  development  of  a  test  to  aid  in 
predicting,  in  the  future,  from  dyeings  on  staple 
samples,  the  chances  of  success  in  level  dyeing, 
with  various  dye  classes,  of  woven  fabrics 
involving  a  blend  of  the  micronaire  populations 
investigated  in  this  project.  GSB  and  TRC  direct 
dyeings  on  staple  were  not  taken  to  be  of  use  in 
this  frame  of  reference;  the  reactive  yellow 
staple  dyeings  were  chosen  for  this  work. 

Visual  evaluation  of  all  aspects  of  levelness 
for  the  dyeings  on  the  project  sheeting  fabric 
was  carried  out.  Reactive  and  sulfur  dyeings 
were  generally  commercially  acceptable  while 
vat  and  direct  dyeings  were  generally  less  than 
acceptable.  It  is  knowTi,  however,  that  many  vat 
dyes,  especially  when  applied  in  non-exhaustion 
processes,  cover  maturity  differences  very  effec- 
tively. The  project  sheeting  was  chosen  as  the 
woven  fabric  for  this  work  since  it  had  the  least 
amount  of  surface  profile  of  any  of  the  project 
fabrics,  and  would  have  been  expected  to  mask 
any  aspects  of  levelness  least  of  all.  It  is  also  to 
be  recalled  that  the  500  yard  lengths  of  four 
project  fabrics,  all  reactive  dyed,  were  com- 
mercially acceptable  in  terms  of  levelness. 

It  appears  that  reactive  exhaustion  dyeings, 
as  done  here,  on  sets  of  staple  samples  from  high 
and  low  maturity  populations  could  be  used  to 
predict  success  in  dyeing  fabrics  from  blends 
therefrom.  If  K/S  values  for  such  yellow  reactive 
dyeings  were  not  in  excess  of  0.31  level  reactive 
dyeings  by  non-exhaustion  processes  could  be 
expected.  It  is  also  obvious  that  dyeing  tests 
based  on  direct  dyeing  are  too  sensitive  to 
maturity  differences  to  be  useful  in  predicting 
success  in  the  level  dyeing  of  woven  fabrics  from 
blends  of  widely  varying  maturity. 
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INTRODUCTION 

Three  all-cotton  durable  press  twills,  table  1, 
were  selected  after  consultation  with  represen- 
tatives from  the  Southern  Marketing  and  Nutri- 
tion Research  Division  (SMNRD)  laboratories^ . 
The  objectives  were: 

1 .  To  determine  the  performance  over  wash 
cycles  of  dummy  leg/cuffs  of  each  fabric. 

2.  To  determine  serviceability  of  slacks  of 
the  three  twills. 

3.  To  make  two-way  comparisons  between 
variations  in  weave  or  finishes;  specifi- 


cally   twill   A   compared   with    tv^dll    B, 
differing   in    weight,   count   and  weave; 
next  twill  B  could  be  compared  with  C, 
the  same  twill  differing  only  in  DP  finish. 
4.    To   correlate  the  in-service  and  labora- 
tory results. 
Subjectively     and     objectively     measurable 
characteristics  formed  the  basis  for  determining 
the  relative  performance.  For  convenience,  data 
for  the  twills  A,  B,  and  C  are  generally  plotted 
on    the    same    graphs    even    though    discussed 
separately. 


Table  1.    Construction^  of  all  cotton  durable  press  fabrics  manufactured  into  work  slacks 


CODE        WEAVE 


COUNT 


WEIGHT 


FINISH 


CURE 


Warp  Filling 


3/22 


3/1 


3/1 


Number       Number        Oz./sq.yd. 

97  49  7.5 


73 


75 


40 


40 


9.8 


9.8 


Min 

Commercial 

330°  F. 

15 

DMDHEU 

Commercial 

330°  F. 

15 

DMDHEU 

Experimental 

1 38°  C. 

3 

Steam  set3 

^  All  determinations  made  after  slacks  were  cured  at  325°  to  330°F.,  15  min. 
-Designed  by  Cotton  Mechanical  Laboratory. 
"^Experimental  finish  developed  by  Cotton  Finishes  Laboratory  and  applied  at  SMNRD. 


MATERIALS  AND  METHODS 

Twills 

A  finishing  plant  desized,  scoured,  mercer- 
ized, and  dyed  the  twills  brown  with  sulfur  dye. 
The  experimental  3/2  twill  was  designed  by  the 


-'^Cotton  Mechanical  and  Cotton  Finishes  Laboratories. 


Cotton  Mechanical  Laboratory.  For  yardages  of 
the  standard  3/1  tvvdll  and  the  3/2  twill,  the  DP 
finish  was:  commercial  DMDHEU  25  percent; 
magnesium  chloride  catalyst,  5  percent;  with 
acrylic  hand  builder  and  cationic  softener;  cured 
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at  330°  F.  for  15  minutes.  Additional  yardage 
the  3/1  twill  was  padded  with:  Aerotex  235,  5 
percent;  Permafresh  183  DMDHEU,  5  percent; 
mixed  catalyst,  1  percent;  Seyco  lube  45,  2 
percent;  water;  pH  of  pad  bath  was  3.5;  the 
fabric  was  cured,  Steam  Set,  at  138°  C.  for  3 
minutes  in  SMNRD  laboratories. 
Slacks 

The  twills  were  manufactured  into  36  pairs 
of  slacks,  sizes  32/30  and  34/30,  of  each  fabric, 
and  dummy  leg/cuffs,  size  32/30.  Slacks  and 
dummies  were  cut  by  a  pattern  with  trim-cut 
legs  without  waistline  pleats;  sewed;  pressed  on 
hot  head  press;  and  cured  for  15  minutes  at 325° 
to  330°  F.  in  a  large  plant  of  a  jean  and  casual 
slacks  manufacturer.  Impressively  careful  con- 
trols were  kept  of  each  step  in  producing  and 
finishing  the  slacks.  Dimensions  of  the  finished 
dummy  leg/cuffs  were  approximately:  length, 
including  1-3/8  inch  cuff,  12  inches;  circumfer- 
ence at  botton  of  cuff,  15-1/4  inches;  at  top  of 
leg,  16-3/4  inches.  The  front  half  of  the  dum- 
mies was  smaller  than  the  back  half,  of  course, 
like  the  slacks.  Because  the  Steam  Set  finish  was 
applied  to  half-width  fabrics,  the  lay  of  the 
garment  pieces  allowed  fewer  dummy  legs  than 
the  full  width  twills.  Subsequently,  cured  slacks 
were  cut  off  to  provide  equal  numbers  of 
dummies  needed  for  the  statistical  design. 
Wearers 

Men  living  in  married  students'  apartments 
and  maintenance/operation  personnel  of  The 
University  of  Tennessee  wore  slacks  of  each 
fabric.  Two  days  of  wear  followed  by  a  wash/ 
tumble  dry  to  10-to  12-percent  moisture  con- 
tent^  constituted  a  wear  cycle;  thus  the  5th 
cycle  comprised  10  days'  wear  and  5  wash/ 
tumble  dry.  The  wash  formula  and  drying 
procedure  are  as  follows: 

Wash  formula  and  drying  procedure 

for  slacks  and  leg  cuffs 

Load:    414    lb.  (slacks,  dummy  cuffs,  or  white 

squares  mixed) 
Wash  temperature:  120°  -  5°  F  high  level  water 
Detergent:  Tide  XK  —  IV2  cups 
Time:  10  minutes 
Rinse:  105°  to  110°  F. 
Second  rinse:  105°  to  110°  F. 

Add  2  tablespoonsful  of  Velva  Soft  G  stock 

solution  (Sanitizer-Softener) 
Extraction:    Remove    from    washer;    shake    or 

untangle;  zip  up  zipper  if  necessary,  return 

cuffs  to  position 


Dry:  Tumble  dry  in  electric  dryer  to  10  to  12 

percent  moisture. 
Remove  from  dryer:  Shake  and  hang  by  cuffs  on 

slacks  hanger;  complete  drying  with  room  air 

circulated  by  small  floor  fan.  Slacks  are  hung 

individually  from  a  large  garment  rack. 
Sampling 

As  controls  and  for  comparisons,  two  dum- 
mies Eind  two  pair  of  slacks  from  each  fabric 
were  held,  unlaundered.  Additional  unlaundered 
items  were  sampled  to  obtain  specimens  for 
determination  of  properties  for  the  original 
fabrics.  Two  pairs  of  slacks  and  two  dummy 
leg/cuffs  of  each  fabric  were  washed  once  and 
tumble  dried,  rated  by  judges,  and  sampled  for 
physical  properties.  The  three  judges  rated  all 
slacks,  individually,  as  soon  as  each  individual 
pair  reached  the  5th,  10th,  and  15th  wear  cycle; 
thus  the  average  values  for  the  three  samplings 
would  represent  a  different  number  of  garments. 
Six  pairs  of  slacks  of  each  fabric  were  withdrawn 
from  service  after  ratings  following  the  5th, 
10th,  and  15th  wear  cycle;  these  slacks  are  to  be 
cut  into  specimens  for  physical  testing. 

Dummy  leg/cuffs  were  rated  after  every  5th 
cycle;  after  each  10th  wash/dry  cycle  (10 
through  70),  two  dummies  of  each  fabric  were 
withdrawn  for  determination  of  physical 
properties. 
Procedure 

All  specimens  were  conditioned  according  to 
ASTM:  D  1776-673.  Number  of  yams  per  inch 
and  weight  were  determined  according  to 
ASTM:  D  1910-64;  fabric  stiffness,  ASTM  D 
1388-64  (FRL  Cantilever  Bending  Tester);  and 
tearing  strength,  ASTM:  D  1414-63  (Falling 
Pendulum  apparatus). 

Surface  appearance,  seam  appearance,  and 
crease  retention,  front  and  back,  were  evaluated 
by  following  AATCC  Test  Methods  124-1969, 
88B-1970,  and  88C-1970,  respectively^ .  Warp 
and  filling  specimens  for  wrinkle  recovery  were 
creased  face-face;  additional  ones  were  creased 
back-back;  thus  recovery  angles  were  recorded 
separately,  AATCC  66-1968.  Frosting  (front  and 
back  creases,  seams,  edges  of  cuffs)  and  visuEil 
color  change  were  rated  according  to  the 
AATCC  Gray  Scale  for  Color  Change  and 
compared  with  an  unlaundered  item.  Color 
Change  was  obtained  with  a  Photovolt  photo- 
electric reflection  meter  670^. 

Abrasion  damage  was  judged  by  a  modifica- 
tion of  the  method  proposed  by  Markezich^. 


2Koenig,  P.  A.,  and  Knoepfler,  N.  B.,  A  technique  for  the  estimation  of  moisture  of  cotton  materials  during  tumble 

drying.  Amer.  Dyestuff  Reptr.  57:  41-43.  1968. 
3 American  Society  for  Testing  and  Materials.  Book  of  Standards  Part  24,  textile  materials  —  yarns,  fabrics  and  general 

methods.  1970. 
^American  Association  of  Textile  Chemists  and  Colorists.  Technical  Manual.  1970. 
5photovolt.  Operating  instructions  for  reflection  meter  670.  1970. 
6Markezich,  Anthony  R.  Unpublished.  SMNRD,  ARS,  USDA. 
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Slacks  were  examined  before  and  after  each 
wash/tumble  dry  and  defect  designation  charts 
were  completed  as  needed  for  recording  acciden- 
tal damage,  stains,  tears,  or  other  wear. 
RESULTS  AND  DISCUSSION 
Color  change  —  Visual.  —  Few  students  were 
pleased  with  the  brown  color.  Reasons  for 
dissatisfaction  of  wearers  with  color  included: 
(a)  dislike  the  shade  of  brown;  (b)  color  did  not 
match  or  blend  with  shirts  and  ties;  (c)  "cannot 
wear  same  color  slacks  to  class  or  work  every 
day  because  everyone  would  think  you  had  only 
one  pair." 

Judges  rated  color  change  as  less  in  dummy 
leg/cuffs  than  in  worn  slacks,  of  course.  Twill  A 
(the  3/2,  7.5  oz.  with  commerical  finish)  had  the 
best  color  retention  as  is  shown  in  figure  1. 


5  10  15 

CYCLES    Wash/dry  Dummy  Leg  Cuffs  vs  Wear  Slacks 

Figure  1.     Color  change  ratings  for  dummy 
leg/cuffs  after  5,  10,  15  wash/tumble  dry  cycles 
compared  with  slacks  in  service  for  5,  10,  15  wear 
cycles  (one  cycle  =  2  days/one  wash) 

Fros  tings 

This  sulfur  brown  is  particularly  subject  to 
frosting.  Twill  A  rated  acceptable,  3.5,  (fig.  2)  or 
better  for  both  creases  and  seams  throughout 
the  15th  wear  cycle  for  slacks  or  70  washes  for 
dummies.  Frosting  was  less  apparent  in  dum- 
mies. Extremely  poor  crease  retention  in  du- 
mmies of  B  and  C  (3/1,  9.7  oz.  twill  with 
commercial  and  Steam  Set  finish,  respectively) 
probably  contributed  to  the  acceptable  rating; 
less  frosting  occurred  along  creases  or  where 
creases  had  been  originally. 

Although  during  manufacture  of  slacks  and 
dummies  the  "seam  busting,"  hot  head  press  and 
oven  conditions  were  identical,  apparently  the 
slacks  and  dummies  cured  differently  —  the 
dummies  were  better  and  more  evenly  cured.  In 
comparing  the  slacks  with  cut-off -slacks  through 
15  washes,  the  cut-off-slacks  received  lower 
ratings  for  crease  retention.  A  possible  explana- 
tion is  that  slacks  were  dried  to  10-  to  12- 
percent  moisture,  removed  from  the  dryer  and 
hung    by    cuffs    to    continue    drying    at   room 


temperature  or  with  air  circulated  by  a  small 
electric  fan.  Thus  the  weight  of  the  slightly 
moist  slacks  (together  vdth  pocketing  and  waist- 
band) may  have  contributed  to  reestablishment 
of  creases  after  wash/tumble  dry. 


Frosting -Seams 


5  10 

Wear   Cycles 
Figure  2.    Frosting  along  seams  of  slacks  after  5,  10,  15 
wear  cycles  (one  cycle  =  2  days/  1  wash) 

After  20  to  25  repeated  launderings,  the 
differences  in  crease  retention  between  dummies 
and  cut-off-slacks  became  more  noticeable.  For 
example,  crease  retention  in  cut-off -slacks  of 
tvdll  B  decreased  linearly  to  the  20th  wash/tum- 
ble dry  and  then  ratings  merely  fluctuated 
slightly  from  20th  through  the  50th  wash  cycle; 
dummies,  on  the  other  hand,  regained  and 
improved  in  crease  retention,  (fig.  3). 

Creose   Retention 


Slacks 


m 


10 
Wear   Cycles 

Figure  3.    Crease  retention  in  slacks 
after  5,  10,  15  wear  cycles 

Crease  retention 

Slacks  of  twill  A  rated  good,  4.2  or  above,  in 
crease  retention  at  each  judging.  But  creases  in 
slacks  of  B  and  C  were  poor  (fig.  4).  Perform- 
ance of  this  3/1  twill  with  either  finish  would 
not  readily  satisfy  consumers. 

After   one  wash/tumble  dry  cycle  without 
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wear,  slacks  appeared  to  have  an  uneven  cure  — 
A  rated  4.4;  slacks  B,  3.2;  and  slacks  C,  3.0.  Also 
within  a  pair  the  retention  of  creases  varied  from 
poor,  above  the  ankle,  to  slightly  below  average 
in  the  area  above  the  knee. 


5  10  15 

CYCLES    Weor  or  Wash /Tumble  Dry 

Figure.4.    Crease  retention  in  slacks  of  3/2  twill  (7.5  oz, 

commercial  DP  finish)  after  5,  10,  15  wear  cycles 

compared  with  cut-off -slacks  and  dummy  leg/cuffs  after 

equivalent  numbers  of  wash/dry  cycles 

Cut-off -slack  cuffs.  —  Because  of  the  marked 
differences  between  aesthetic  properties  of  the 
dummies  and  the  cut-off-slacks  of  twill  C, 
noticeable  even  after  the  first  wash,  we  decided 
to  explore  the  correlation  OR  differences  among 
dummies,  cut-off-slacks  and  slacks  of  the  three 
twills.  Slacks,  size  32/30,  were  cut  off  to  provide 
two  dummy  legs  of  each  fabric  for  determina- 
tion of  physical  properties  after  each  10  wash/ 
tumble  dry  cycles  (10  through  70)  and  of 
aesthetic  ratings  after  each  5  cycles. 

We  rather  expected  the  results  of  the  cut- 
off-slacks to  be  closely  related  to  data  from  the 
slacks.  However,  the  three  categories  (slacks, 
cut-off -slacks,  dummies)  often  received  different 
ratings.  Figures  5  and  6  illustrate  lack  of 
agreement  between  ratings  for  the  three  cate- 
gories of  twills  A  and  C. 
Appearance 

Seams  and  fly.  —  After  the  5th,  10th,  and 
15th  wezir  cycle,  inseams  and  outseams  in  slacks 
of  the  commercial  3/1  twill,  with  either  finish, 
rated  3.2  -  3.4.  Seams  in  only  A  (3/2  twill) 
rated  above  3.5  at  all  judgings.  Likewise  the 
appearance  of  the  fly  was  3.4  to  3.7  in  the  3/1 
twill  with  commercial  and  experimental  finishes; 
however,  the  fly  in  twill  A  had  the  best 
appearance. 


Crease   Retention 


c 


Dummy  Legs 
Cut  off  Slacks 
Slacks 
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CYCLES^  Wear  or  Wash  /Tumble  Dry 

Figure  5.    Crease  retention  in  slacks  of  C  twill 
(3/1,  9.7  oz..  Steam  Set  finish)  after  5,  10,  15 
wear  cycles  compared  with  cut-off -slacks  and  dummy 
leg/cuffs  after  equal  numbers  of  wash/tumble  dry  cycles 
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Figure  6.    Crease  retention  in  dummy  leg/cuffs 

compared  with  cut-off-slacks  of  B  twill  (3/1,  9.8  oz. 

commercial  DP  finish)  after  repeated 

wash/tumble  dry  cycles 

Average  surface  smoothness  of  fabrics  in 
slacks.  —  In  evaluating  surface  appearance 
USASI  [United  States  of  America  Standards 
Institute]^  sets  a  minimum  standard  of  3.5  for 
work  trousers.  The  slacks  after  one  wash/tumble 
dry  without  wear  rated  as  follows:  A,  4.1;  C, 
3.9;  and  B,  3.4.  Within  a  fabric,  average  ratings 
for  surface  appearance  were  fairly  constant  from 
the  5th  through  the  15th  wear  cycle.  The  3/1 
twills  had  acceptable  ratings  after  wear,  3.9  to 
3.6;  yet  the  surface  smoothness  of  A  was  rated 
4.6  to  4.0,  slightly  above  that  of  the  commercial 
twill. 
Areas  of  worn  slacks 

Of  the  seven  areas  rated  for  surface  smooth- 


"^United  States  of  America  Standards  Institute.  USA  Standard  Performance  Requirements  for  Textile  Fabrics.  1968. 
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ness,  four  (seat,  knee  hollow,  knee  front,  lap)  of 
the  3/2  experimental  twill  slacks  showed  essen- 
tially no  difference  at  the  first  judging,  but 
ratings  after  the  15th  wear  cycle  show  why 
"average"  surface  smoothness  is  misleading  in 
evaluating  performance  of  garments  (fig.  7). 
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Figure  7.  Surface  appearance  of  four  areas 

(seat,  knee  hollow,  knee  front,  and  lap)  of  twill  A  after 

5,  10,  15  wear  cycles  compared  with  dummy  leg/cuffs 

laundered  45  times. 

In  the  slightly  tapered  leg  slacks,  the  knee 
area  wrinkled  or  mussed  differently  for  the  three 
fabrics.  Because  of  abrasion  damage,  the  wash/ 
tumble  dry  cycles  for  the  cut-off -slacks  of  Twill 
C  terminated  at  the  45th  cycle.  In  figure  8  the 
small  differences  between  B  and  C  are  probably 
not  significant.  Although  the  ratings  of  surface 
appearance  in  A  decreased,  the  rating  after  the 
15th  cycle  was  slightly  above  the  minimum 
standard  of  3.5.  Ratings  for  B  and  C  indicate 
this  weight  (9.8  oz.)  twill  with  either  finish 
would  not  be  acceptable  for  casual  slacks. 
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Figure  8.  Surface  smoothness  in  fabrics  of  knee  area  in 

slacks  after  5,  10,  15  wear  cycles  compared  with 

dummy  leg/cuffs  after  45  wash/dry  cycles. 

Wrinkle  recovery 

By  using  as  a  minimum  standard  125°  of 
wrinkle  recovery  in  each  of  warp  and  filling  set 
up  by  USASF,  the  crease  recovery  angle  (warp 
+  filling)  A,  B,  C,  in  dummies  was  satisfactory  to 
excellent  (fig.  9).  If  the  performance  of  cut-off- 
slacks  is  indicative  of  what  we  will  find  in  the 
work  slacks,  then  only  tvdll  A  vdll  meet  mini- 
mum requirements  for  work  slacks. 
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Figure  9.  Wrinkle  recovery  angle  (warp  plus  filling, 
face-face  and  back-back)  of  three  all-cotton  DP  twills  in 
dummy  leg/cuffs  compared  with  cut-off-slacks 
after  repeated  wash/tumble  dry  cycles. 
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Figure  10  compares  wrinkle  recovery  angles, 
creased  face-face  of  twill  B  in  dummies  with  that 
in  cut-off-slacks.  By  using  these  data,  we  may 
predict  there  probably  will  be  little  correlation 
between  slacks  and  dummies. 
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Figure  10.  Wrinkle  recovery  angle 

(creased  face-face)  of  twill  B  in  dummy  leg/cuffs 

and  in  cut-off-slacks  after  20  wash/tumble  dry  cycles. 

Percent  nitrogen  (Kjeldahl  method)  in  A,  B, 
C  slacks  before  and  after  one  wash  was  deter- 
mined.8  Another  laboratory  measured  warp  and 
filling  wrinkle  recovery  angles  for  three  areas 
along  the  outseam:  above  ankle,  near  knee,  and 
adjacent  to  side  pocket.  Differences  in  percent 
nitrogen  and  WRA  appear  to  substantiate  our 
earlier  hypothesis  that  the  cure  was  good  for  the 
dummies,  hung  singly  in  the  pass  through  the 
oven,  but  uneven  in  the  slacks  hung  by  the  cuffs. 

Preliminary  investigation  of  differences  in 
wrinkle  recovery  between  inseam/ankle  and  out- 
seam/ankle  areas  added  further  confirmation 
that  cure  was  uneven  from  cuff  to  waistline  and 
from  inseam  to  outseam.  For  example,  in  one 
pair  of  slacks  the  warp  WRA  of  inseam  area  was 
20  degrees  less  than  that  of  the  outseam  area 
(116°  vs.  136°). 


Hand  (tactile  observation) 

The  hand  of  dummies  and  slacks,  as  received 
from  manufacturer,  was  best  described  by  one 
wearer  as  "stiff  and  boardy."  One  wash/tumble 
dry  cycle  improved  the  hand.  Ratings  for  twills 
A  and  C  indicated  no  difference.  Judges  were 
not  able  to  detect  differences  between  the  3/1 
twill  with  different  finishes,  but  rated  twill  A 
(3/2)  as  4.0  to  4.6,  definitely  superior  to  the 
heavier  twill  with  the  same  commercial  finish. 
Flexural  rigidity  (stiffness) 

After  five  wash/tumble  dry  cycles,  flexural 
rigidity  of  twills  A  and  B  with  commercial  DP 
finish  decreased  76  and  72  percent,  respectively 
(fig.  11).  The  generally  accepted  explanation  for 
this  rapid  decrease  in  "hand  wash  dovm," 
apparently  excess  resins  are  removed  from  the 
surface  during  the  mechanical  wash /tumble  dry 
cycle.  The  steam  set  finish  as  applied  and  cured 
in  this  project  resulted  in  a  twill  less  stiff; 
however,  other  characteristics  are  probably  of 
greater  importance  to  consumers  who  may  have 
become  accustomed  to  the  original  boardiness  of 
durable  press  items. 
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Figure  11.  Flexural  rigidity  of  warp  (face-Up)  of  three 

all-cotton  DP  twills  in  dummy  leg/cuffs 

before  and  after  5  wash/tumble  dry  cycles. 


^Chemical  Finishes  Laboratory  and  Textile  Testing  Group,  SMNRD. 

37 


stiffness  of  cut-off -slacks  after  10  wash/dry 
cycles  was  less  than  that  of  dummies  (fig.  12), 
attributable  to  the  difference  in  cure  of  slacks 
and  dummies  of  the  same  fabric.  Flexural 
rigidity  of  cut-off -slacks  and  dummies  was  still 
decreasing  at  the  60th  wash  interval.  The  de- 
crease was  not  at  the  same  rate  between  evalua- 
tions and  not  at  the  same  rate  for  all  fabrics  (fig. 
13);  however  the  decrease  was  essentially  a 
linear  relationship.  In  general,  for  the  dummies 
flexural  rigidity,  which  takes  into  account  fabric 
weight,  was  greater  at  any  interval  than  that  for 
the  cut-off-slacks.  Thus  the  difference  was  a 
fiarther  indication  of  either  an  over-cure  of  the 
dummies  or  an  under-cure  of  the  slacks.  It  may 
indicate  that  to  obtain  a  good  cure  through  the 
top  (heavier  part  of  the  slacks  with  waistband 
and  pocketing)  the  lower  legs  will  be  over-cured. 
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Figure  12.  Flexural  rigidity  of  warp  of  three  all-cotton 

DP  twills  in  dummy  leg/cuffs  and  cut-off-slacks 

before  and  after  10  wash/tumble  dry  cycles. 

Cleanings 

Ratings  for  degree  of  cleaning  of  tv^dlls  in 
slacks  after  the  three  wear  intervals  were  good  to 


excellent;  the  rating  for  twill  B  is  probably  not 
significantly  higher  than  that  for  C.  The  excel- 
lent ratings  for  A,  4.9  to  5.0  indicate  consumers 
would  be  well  pleased  vdth  the  appearance  after 
refurbishing  of  these  experiments  twill  slacks. 
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Figure  13.  Flexural  rigidity  of  three  twills  in 

dummy  leg/cuffs  compared  with  cut-off-slacks, 

10  through  60  wash/tumble  dry  cycles. 

Trite  yet  true:  it  is  a  long  way  from  the 
laboratory  to  fullstream  production  in  a  plant; 
and  laboratory  and  field  service  tests  do  not 
correlate.  Perhaps  one  contribution  to  the  lack 
of  correlation  has  been  tie  differential  cure  in 
dummy  leg/cuffs  taken  to  represent  real  gar- 
ments worn  by  people. 

ACKNOWLEDGMENTS 

The  author  wishes  to  express  appreciation 
to:  The  University  of  Tennessee  administrators 
for  permission  to  recruit  wearers;  students  and 
maintenance/operation  personnel  who  wore  the 
slacks;  Mike  Donoghue  of  the  Textiles  and 
Clothing  Laboratory  and  to  undergraduate  and 
graduate  students  who  worked  as  laboratory 
aides  and  judges;  manufacturer  of  the  slacks;  and 
the  finishing  plant  who  donated  the  standard 
tvdlls  and  the  commercial  finishes. 


38 


SESSION  III:  G.  C.  Daul,  Eastern  Research  Division,  ITT  Rayonier  Inc.,  Whippany,  N.J.,  Chairman 

STRENGTH  LOSSES  AND  STRUCTURAL  CHANGES  IN  COTTON  PRINT 
CLOTH  CROSSLINKED  WITH  DIMETHYLOLETHYLENE  UREA 

by 


Leon  Segal  and  Judy  D.  Timpa 

Southern  Marketing  and  Nutrition  Research  Division 

New  Orleans,  La. 

(Presented  by  Leon  Segal) 


The  application  of  durable-press  finishes  to 
cotton  fabric  is  accompanied  by  losses  in  tensile 
strength,  tearing  strength,  and  other  properties. 
These  losses  have  been  attributed  to  factors 
induced  mainly  by  the  crosslinking  of  the 
cellulose  molecules,  a  conclusion  derived  from 
analyses  of  the  results  from  textile  or  physical 
testing  of  treated  fabrics.  A  subject  that  has 
received  httle  consideration  in  these  studies  is 
the  proportion  of  the  losses  that  originates  from 
changes  in  the  chain  length  of  the  cellulose 
molecule,  changes  brought  about  by  the  chemi- 
cal reactions  with  the  crosslinking  agents  that 
produce  the  desired  crease-resistant  finish.  Infor- 
mation on  contributing  to  this  subject  first 
appeared  when  reports  were  made  of  the  effect 
of  formaldehyde  crosslinking  of  cotton  on  the 
chain  length  of  the  cellulose  molecule.  In  these 
studies  relationships  were  found  between  chain 
length  and  textile  properties. 

In  the  present  study  dimethylolethylene 
urea  (DMEU)  and  a  zinc  nitrate  catalyst  were 
applied  to  80  x  80  cotton  print  cloth  in  a 
commercial  manner  but  with  varying  times  of 
cure.  The  objective  was  to  define  the  causes  of 
the  strength  losses  resulting  from  the  durable- 
press  treatment.  Cure  times  ranged  from  1/4 
minute  to  12  minutes.  Reagent  concentrations 
were  0.03  M  for  the  zinc  catalyst  and  0.55  M  for 
DMEU  and  for  ethylene  urea  (EU).  Ethylene 
urea,  the  parent  compound  of  DMEU  that  is 
incapable  of  crosslinking  with  the  cellulose 
molecule,  was  used  with  catalyst  to  approximate 
the  effect  of  acid  catalyst  on  the  cellulose 
molecule  in  the  presence  of  the  proton-accepting 
ethylene  urea  moiety.  In  addition  to  treatment 
with  DMEU  —  catalyst,  fabric  was  also  treated 
with  EU  +  catalyst  as  just  mentioned,  with 
catalyst  only,  and  with  water  only.  Fabric 
samples  were  padded  through  two  dips  and  two 
nips,  then  placed  on  pin  frames  at  original 
dimensions  for  drying  at  70°  C.  for  5  minutes 
followed  by  curing  at  160°.  Fabrics  were  sub- 
jected to  physical  testing,  and  parts  were  ni- 
trated to  provide  soluble  samples  for  study  by 
viscometry  and  by  gel  permeation  chromato- 
graphy. 


The  amount  of  DMEU  reacted  with  the 
fabric,  as  indicated  by  the  nitrogen  content, 
displayed  a  small,  steady  increase  with  cure 
time.  Durable-press  rating  became  constant  after 
the  1/4-minute  cure.  Wrinkle-recovery  angles 
(W+F),  conditioned  and  wet,  increased  and 
leveled  off  after  the  3-minute  cure.  Significant, 
large  decreases  in  breaking  strength,  tearing 
strength,  and  abrasion  resistance  occurred  which 
confirms  previous  findings.  Moisture  regain  be- 
haved similarly  with  cure  time. 

Comparison  of  the  above  results  with  those 
from  fabric  treated  with  EU  +  catalyst,  with 
catalyst  alone,  and  with  water  alone  showed  that 
the  breaking  and  tearing  strengths  for  the  fabric 
treated  with  DMEU  +  catalyst  dropped  precipi- 
tously with  cure  time,  but  leveled  off  after  the 
2-minute  cure.  For  the  sample  treated  with 
water  only,  breaking  strength  decreased  slightly 
in  a  hnear  manner.  Tearing  strength,  however, 
decreased  more  significantly  following  a  smooth 
curve.  The  large  losses  in  breaking  and  tearing 
strengths  for  the  fabric  treated  with  catalyst 
only  also  followed  smooth  curves.  The  same  is 
true  of  the  fabric  treated  with  EU  +  catalyst, 
except  that  the  losses  were  much  less  than  the 
losses  for  the  fabric  treated  with  DMEU  + 
catalyst. 

The  changes  in  degree  of  polymerization 
(DP)  with  cure  time  for  the  fabric  treated  with 
catalyst  only  produced  the  smooth  exponential 
curve  normally  observed  in  the  acid  hydrolysis 
of  cellulose.  The  fabric  treated  with  EU  + 
cat£ilyst  gave  a  similar  curve  but  with  less 
extensive  degradation  of  the  molecule.  The 
curve  for  the  fabric  treated  with  DMEU  + 
catalyst  was  found  to  lie  between  those  of 
fabrics  treated  with  EU  +  catalyst  and  with 
water  only.  The  position  of  this  curve  with 
respect  to  those  of  the  other  treated  fabrics 
suggests  that  in  this  fabric  there  are  molecular 
interchain  linkages  which  were  not  removed 
during  the  nitration  process  for  preparing  a 
soluble  derivative  —  this  is  in  effect,  then,  chain 
extension. 

The  relationships  between  breaking  or  tear- 
ing strengths  and  DP  for  the  fabric  treated  with 
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DMEU  +  catalyst  are  markedly  different  from 
those  of  the  other  samples.  The  data  for  the 
latter  samples  all  lie  on  a  smooth  curve  covering 
a  vvdde  range.  The  data  for  the  fabric  treated 
with  DMEU  +  catalyst  depart  abruptly  in  a 
single  large  drop  from  that  of  the  untreated 
fabric,  and  clump  together  in  a  curve  of  very 
limited  range.  The  difference  in  response  of  the 
fabric  to  DMEU  and  to  EU  is  very  marked.  The 
relationship  between  total  losses  in  breaking 
strength  for  the  treated  fabrics  and  their  mois- 
ture regains  is  linear  for  all  the  fabrics.  The  data 
for  the  fabrics  treated  with  EU  +  catalyst  and 
catalyst  only  fall  on  parallel  lines  vdth  rather 
small  difference  in  moisture  regain  values  be- 
tween them.  This  indicates  that  the  accessible 
structures  of  the  fibers  in  these  fabrics  are  very 
similar.  In  the  case  of  the  fabric  treated  vdth 
DMEU  +  catalyst,  however,  moisture  regain  is 
much  reduced,  showing  a  marked  progressive 
reduction  over  a  small  range  of  strength  loss.  An 
inaccessible  structure,  becoming  more  so  with 
cure  time,  would  give  rise  to  this. 

The  total  strength  loss  of  crease-resistant 
fabric  produced  by  treatment  v^dth  DMEU  + 
catalyst  can  be  separated  vdth  the  help  of  data 
from  fabric  treated  with  EU  +  catalyst  into  two 
components,  one  component  arising  from  cross- 
link embrittlement  and  one  arising  from  molecu- 


lar chain  cleavage  (degradation)  of  the  cellulose. 
When  the  breaking  strength  data  are  reduced  to 
percentages  and  plotted  against  the  reciprocal  of 
DP,  linear  relationships  are  obtained  that  show 
the  proportion  of  strength  loss  arising  from  each 
source  with  respect  to  DP.  In  the  early  cure 
times  the  predominant  strength  loss  comes  from 
crosslink  embrittlement,  but  this  proportion 
drops  rapidly.  At  the  3-minute  cure  time,  which 
corresponds  to  the  extent  of  cure  normally  used 
in  durable -press  treatments,  73  percent  of  the 
total  strength  loss  arises  from  crosslink  embrit- 
tlement; this  drops  to  58  percent  on  lengthening 
cure  time  by  1  minute.  Molecular  degradation 
accounts  for  27  percent,  then  42  percent  of  the 
loss,  respectively.  In  over-curing  of  the  fabric, 
molecular  degradation  becomes  the  major  source 
of  strength  loss.  With  an  8-minute  cure,  molecu- 
lar degradation  is  responsible  for  52  percent  of 
the  total  strength  loss.  This  proportion  increases 
as  over-cure  increases.  Substituting  the  recipro- 
cal of  time  of  cure  for  that  of  DP  shows  that  the 
proportions  of  loss  assignable  to  crosslink  em- 
brittlement and  to  degradation  begin  to  change 
at  a  fast  rate  after  1/2  minute  of  cure.  The 
proportions  become  equal  between  6-1/2  and  7 
minutes  of  cure,  after  which  strength  loss  from 
degradation  becomes  the  major  component.  The 
data  for  tearing  strength  indicate  similar  trends. 
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The  changes  in  physical  properties  of  yarns 
and  fabrics,  during  application  of  chemical 
swelling  treatments  to  previously  crosslinked 
cotton,  were  investigated.  The  conversion  of  the 
crystalline  lattice  from  cellulose  I  to  cellulose  III 
is  knovm  to  occur  in  kiered  cotton  yam  treated 
with  liquid  ammonia  followed  by  slow  evapora- 
tion of  the  ammonia  from  the  cotton.  It  has 
now  been  shown  that  the  cellulose  I  crystalline 
lattice  of  cotton  yam  previously  crosslinked 
with  DMEU  is  converted  to  cellulose  III  by 
treatment  with  liquid  ammonia  followed  by 
slow  evaporation  of  the  ammonia.  This  remarka- 
ble penetration  into  the  crystalline  lattice  struc- 
ture of  a  previously  crosslinked  cotton  also 
occurs  when  certain  organic  amines  are  used  as 
the  swelling  agent.  The  ethylenediamine  com- 
plex   of   crosslinked   cellulose   was   formed    by 


direct    appUcation    of    the    diamine    at    room 
temperature  to  DMEU-treated  yarn. 

Recent  work  in  these  laboratories  has  shown 
that  stable  inclusion  complexes  of  chloroform  in 
cotton  are  readily  formed  by  treatment  of  yam 
with  chloroform  dissolved  in  liquid  ammonia 
followed  by  evaporation  of  the  ammonia.  As 
much  as  15  to  20  percent  chloroform  can  be 
trapped  in  the  yarn.  When  this  occurs,  the 
crystalline  cellulose  I  lattice  is  replaced  with  an 
amorphous  or  noncrystalline  cellulose  as  deter- 
mined by  X-ray  diffraction.  It  has  now  been 
found  that  when  previously  crossUnked  cotton 
yarn  is  treated  with  50  percent  chloroform  in 
liquid  ammonia  (vol. /vol.)  evaporation  of  the 
ammonia  leaves  as  much  as  11  percent  chloro- 
form trapped  in  the  cotton,  and  the  cellulose  I 
lattice   is   replaced  by  an  amorphous  cellulose 
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X-ray  pattern. 

Physical  data  were  obtained  on  some  of  the 
products  treated  with  ammonia  and  chloroform. 
Treatment  with  liquid  ammonia  alone  greatly 
improved  the  strength  and  elongation  of  DMEU 
crosslinked  cotton  yams,  when  this  was  done  in 
the  slack  state.  The  strength  of  previously 
crosslinked  yam  was  increased  51  percent  while 
elongation  was  increased  twofold.  The  energy- 
to-rupture,  after  ammonia  treatment,  was  in- 
creased fourfold  to  approximately  the  same 
value  as  the  kiered  yarn  not  crosslinked  at  all. 
Inclusion  of  trimethylolmelamine  as  a  crosslink- 
ing  agent  in  kiered  cotton  yarn  by  application 
from  liquid  ammonia  solution  and  subsequent 
curing  to  effect  crosslinking,  produced  a  cross- 
linked  cotton  which  had  the  strength  reduced 
only  by  12  percent,  the  elongation-at-break 
increased  by  68  percent,  and  the  energy-to-rup- 
ture unchanged,  as  compared  to  the  original 
kiered  yarn.  The  similarity  of  the  physical 
properties  obtained  for  the  treatments  under 
slack  conditions,  using  liquid  ammonia  on  pre- 
viously crosslinked  (DMEU)  yams  and  on  subse- 
quently crosslinked  (TMM)  yams,  is  interpreted 
as  being  due  to  the  effect  of  swelling  by 
ammonia  rather  than  the  effect  of  crosslinking 
of  cellulose  chains. 


Application  of  chloroform  in  liquid  ammo- 
nia to  crosslinked  and  kiered  cotton  fabric  held 
under  tension  was  carried  out  in  a  continuous 
process.  It  was  demonstrated  that  conditions 
which  maintain  the  original  dimensions  of  the 
fabric  greatly  limit  the  extent  of  cellulose 
swelling,  and  the  amount  of  chloroform  bound 
in  the  fibers.  In  a  typical  run,  3-percent  chloro- 
form was  included  in  fabric. 

A  series  of  treatments  were  also  applied  to 
cotton  fabric  in  the  slack  condition.  In  kiered 
fabric,  19  percent  chloroform  was  trapped  in  the 
fibers,  while  in  crosslinked  fabric,  11  percent 
chloroform  was  similarly  bound.  Shrinkage  of 
14  percent  in  the  warp  and  7  percent  in  the  fill 
was  obtained  on  crosslinked  fabric  by  treatment 
slack  with  liquid  ammonia.  Shrinkage  of  9 
percent  in  the  warp  and  5  percent  in  the  fill  was 
obtained  on  crosslinked  fabric  by  treatment 
slack  with  50  percent  chloroform  in  liquid 
ammonia. 

Dyeing  from  liquid  ammonia  was  shown  to 
be  more  effective  on  kiered  cotton  fabric  than 
on  crosslinked  cotton.  It  thus  appears  that  a 
variety  of  practical  effects  may  be  realized  from 
the  formation  of  inclusion  complexes  of  dyes  or 
finishing  agents  in  cotton  and  that  these  applica- 
tions are  effective  before  or  after  crosslinking. 
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The  satisfactory  performance  of  cotton  tex- 
tiles by  the  consumer  is  intimately  related  to  the 
interaction  of  fabrics  with  water  and  water 
vapor.  Perspiration  and  humid  climates  raise  the 
moisture  content  of  garments  during  wear  and  in 
storage.  Removal  of  soil  by  washing  (or  even  in 
"spotting"  before  dry  cleaning)  involves  the  wet- 
ting-out of  the  fabric.  Good  performance  de- 
pends on  the  ability  of  the  fabric  to  recover  its 
initial  appearance  after  deformation  under  var- 
ious moisture  conditions  during  wear  or  washing 
and  drying. 

The  relationships  between  the  currently  used 
criteria  of  good  performance  —  wrinkle  recovery 
angle  and  appearance  rating  —  and  a  variety  of 
parameters  of  the  accessibility  of  cotton  to 
aqueous  media  were  examined  in  detail.  Fabric 
was  treated  with  a  commonly  used  crosslinking 
reagent  (dimethyloldihydroxyethyleneurea, 
DMDHEU)   by   three  different  processes  (pad- 


-dry-cure,  mild  cure,  and  steam  cure)  at  several 
levels  of  add-on  (2  to  20  percent)  to  produce 
fabrics  with  a  wide  range  of  properties  asso- 
ciated with  good  performance.  For  further 
comparison,  formaldehyde  was  applied  by  the 
Form  D  and  Form  W  processes,  known  to  give 
divergent  wet  and  dry  properties,  and  by  a 
recent  modification  of  the  vapor-phase  process. 
The  usual  strength  and  recovery  measurements 
were  obtained  on  these  modified  fabrics.  Swell- 
ability  was  measured  by  water  retention,  alkali 
centrifuge  value,  and  yarn-untwisting  data.  Ac- 
cessibility to  iodine  sorption  and  to  deuterium 
exchange  were  measured  but  gave  inconclusive 
results.  Moisture  sorption,  measured  at  selected 
relative  humidities  between  11  and  93  percent 
gave  an  indication  of  accessibility  under  mini- 
mum to  moderate  swelling  conditions.  Internal 
surface  areas  were  also  calculated. 

Wide  ranges  in  wrinkle  recovery  angle  (180° 
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to  290°,  warp  plus  filling)  and  appearance  rating 
(1.0  to  3.7)  were  achieved,  with  the  usual 
concurrent  losses  in  breaking  and  tearing 
strengths  and  abrasion  resistance. 

Water  retention  was  found  to  be  inversely 
correlated  with  conditioned  wrinkle  recovery 
angle  and  wdth  tumble-dried  appearance  ratings, 
although  the  DMDHEU  fabrics  and  the  formal- 
dehyde-treated samples  lay  on  separate  curves. 
Water  retention  values  of  the  DMDHEU  fabrics 
and  the  vapor-phase  formaldehyde  samples 
showed  good  negative  correlation  with  line-dried 
ratings  and  wet-wrinkle-recovery  angles,  but  the 
Form  D  and  Form  W  samples  had  much  better 
recoveries  than  predicted  by  the  correlation  for 
the  other  samples.  Alkali  centrifuge  values  were 
roughly  inversely  related  to  tumble-dried  ratings 
and  conditioned  recovery  angles;  for  line-dried 
ratings  and  wet  recovery  angles,  good  inverse 
correlations  with  ACV  were  found,  but  each 
process  gave  a  separate  relationship.  Yarn-un- 
twisting values  exhibited  a  good  inverse  correla- 
tion with  both  line-dried  ratings  and  wet  recov- 
ery angles  for  all  processes;  but  with  tumble- 
-dried  ratings  and  conditioned  recovery  angles, 
only  the  DMDHEU  fabrics  exhibited  close  nega- 
tive correlation,  while  the  three  formaldehyde 
sets  were  different.  The  Form  W  samples  had 
very  low  yam -untwisting  values  and  low  tumble- 
dried  ratings,  whereas  the  vapor-phase  process 
yielded  samples  v^dth  intermediate  yarn-untwist- 
ing values  and  high  ratings.  The  Form  D  samples 
had  intermediate  values  of  both  parameters. 

Moisture  sorption  data  at  low  relative 
humidities  showed  some  interesting  differences 
among  treatments.  Pad-dry-cure  and  mild  cure 
processes  produced  fabrics  with  regains  below 
that  of  the  control  but  regains  of  steam  cure 
fabrics  were  higher  than  that  of  the  control. 
These  differences  between  treatments  decreased 
at  higher  relative  humidities  until  at  93  percent 
R.H.  all  three  series  of  DMDHEU  fabrics  were 
much  reduced  below  the  control.  Among  the 
formaldehyde  treatments,  at  11  percent  R.H. 
the  regains  of  vapor-phase  and  control  fabrics 
were  about  equal,  whereas  those  for  Form  D  and 
Form  W  fabrics  were  higher.  As  the  relative 
humidity  increased,  the  regain  of  the  vapor- 
phase  samples  became  progressively  lower  than 
that  of  the  control,  while  that  of  the  Form  D 
and  Form  W  fabrics  became  progressively 
greater.  Correlation  of  regain  at  65  percent  R.H. 
with  wet  and  with  conditioned  WRA,  or  with 
line-dried  appearance  ratings,  gave  separate  lines 
for  each  of  the  DMDHEU  series,  whereas  regain 
versus  tumble-dried  ratings  tended  towards  a 
single  curve  for  all  three  processes. 

Let  us  consider  some  possible  implications 
of  these  data.  Resilience,  as  measured  by  wrinkle 


recovery  angle  and  appearance  ratings,  is  ob- 
viously related  to  the  amount  of  crosslinking 
agent  introduced  by  a  specific  process  and  is  also 
affected  by  the  nature  of  the  process.  Two 
aspects  of  the  crosslinking  reaction  are  impor- 
tant —  the  chemical  and  the  physical.  Such 
chemical  factors  as  the  length  of  the  crosslinks 
and  the  presence  of  uncrosslinked  material 
(trapped  resin,  substituent  groups,  and  intra- 
molecular bridges)  undoubtedly  influence  resili- 
ence. These  have  been  discussed  by  others;  no 
additional  data  are  presented  here.  Probably  of 
equal  importance  is  the  physical  location  of  the 
crosslinks;  that  is,  their  placement  in  relation  to 
fiber  structure.  The  cotton  fiber  is  a  hollow, 
collapsed  tube  whose  wall  is  composed  of  several 
layers.  Each  layer  consists  of  fibrils  which  are 
large  bundles  of  microfibrils;  these  latter  are 
aggregates  of  elementary  fibrils.  Channels  and 
pores  separate  some  of  these  structures;  their 
volume,  size,  shape,  and  distribution  can  only  be 
deduced  from  indirect  measurements.  It  is  rea- 
sonable to  presume  that  crosslinks  can  be 
located  in  any  or  all  of  the  following  positions: 
between  major  structural  units  (the  layers  of 
cellulose  in  the  cell  wall);  between  microfibrils 
and  elementary  fibrils  within  these  layers;  and 
between  molecules  on  the  surface  of  the  same 
elementary  fibril.  The  proportions  of  crosslinks 
in  these  various  locations  should  have  considera- 
ble effect  on  the  mechanical  properties  of  the 
fiber,  and  hence  on  the  behavior  of  the  fabric. 

When  crosslinking  agents  are  applied  as 
aqueous  solutions,  the  water  swells  the  fiber  so 
that  the  reagent  can  penetrate  into  all  but  the 
most  highly  ordered  regions.  If  reaction  takes 
place  while  the  fiber  is  water-swollen  (as  in  the 
Form  W  process),  the  distance  between  major 
fiber  elements  is  probably  so  great  that  the 
possibility  of  crosslinks  bridging  the  channels 
which  separate  the  major  elements  is  small. 
Drying  before  heat-curing  shrinks  the  fiber  walls 
so  that  crosslinks  can  form  not  only  between 
microfibrils  and  elementary  fibrils  (as  in  wet- 
reacted  fibers)  but  also  between  the  walls  of  the 
now  collapsed  pores  and  channels.  Fibers  re- 
acted in  the  moist  state  (steam-cure  and  vapor- 
phase  processes)  or  partly  swollen  (Form  D 
process)  would  tend  to  be  intermediate  in 
number  of  crosslinks  between  major  elements. 

With  this  in  mind,  consider  the  present  data 
on  swellability  in  aqueous  media  in  relation  to 
recovery  properties.  Water  retention  measures 
the  extent  to  which  the  original  water-holding 
capacity  of  the  fiber  is  still  available  after  the 
crosslinking  reaction.  Water  retention  correlates 
reasonably  well  with  the  total  internal  void 
volume  determined  by  other  methods.  This 
internal  volume  is  believed  to  exist  as  pores  and 
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channels  in  the  fiber.  It  can  be  inferred  that,  in 
fabrics  with  low  water  retention,  at  least  some 
of  the  crosslinks  must  be  located  between  major 
fiber  elements  (across  the  sites  of  channels  and 
pores  that  existed  in  the  water-swollen  fiber). 
Apparently,  crosshnks  in  these  positions  are 
necessary  for  good  tumble-dried  appearance  and 
conditioned  wrinkle  recovery.  Moisture  sorption 
at  low  relative  humidities,  which  indicates  the 
internal  surface  area,  substantiates  this;  fabrics 
with  the  highest  regains  have  the  poorest  tum- 
ble-dried ratings. 

Yam  untwisting  values  are  sensitive  indica- 
tors of  the  extent  of  fiber  swelling  in  water. 
Even  a  low  level  of  reaction  greatly  decreases  the 
amount  of  untwisting.  Crosslinks  that  prevent 
fiber  swelling  must  be  important  for  good 
line-dried  appearance  and  wet  recovery,  since 
there  is  a  high  negative  correlation  between 
yarn -untwisting  values  and  good  appearance 
ratings  and  recovery  values.  Most  of  the  cross- 
links affecting  yarn-untwisting  are  inferred  to  be 
between  microfibrils  and  elementary  fibrils,  or 
along  their  surfaces,  rather  than  between  major 
fiber  elements,  since  the  Form  W  fabrics  with 
the  highest  water  retention  values  (presumed  to 
indicate  few  inter-layer  bridges)  have  very  low 
yarn-untwisting  values. 

The   alkali   centrifuge   value,   which   results 


from  chemical  swelling,  indicates  the  extent  to 
which  crosslinks  restrain  the  swelling  of  the 
highly  ordered  regions.  One  infers  that  the  most 
effective  location  of  such  crosslinks  is  between 
the  layers  of  the  fiber  wall,  although  those 
between  fibrils  and  microfibrils  will  also  exert  an 
effect.  This  inference  is  based  on  the  similarity 
of  water  retention  and  alkali  centrifuge  values 
and  on  the  knowledge  that  gross  physical  re- 
straint (yam  twist,  fabric  structure)  will  restrict 
swelling  in  alkali.  For  good  tumble-dried  appear- 
ance and  conditioned  wrinkle  recovery,  suffi- 
cient crosslinks  must  be  present  to  almost 
completely  inhibit  chemical  swelling,  since  these 
properties  decline  rapidly  as  the  ACV  increases. 
For  good  line-dried  appearance  and  wet  recov- 
ery, such  is  not  the  case,  since  other  factors  are 
operating. 

To  summarize:  For  good  wet  recovery  pro- 
perties, crosslinks  located  along  the  surfaces  of 
elementary  fibrils  and  between  them  appear  to 
be  sufficient;  these  do  not  restrict  retention  of 
water  or  swelling  in  alkali.  For  good  conditioned 
recovery  properties,  crosslinks  between  major 
structural  elements  are  needed  in  addition  to 
those  at  the  elementary  fibrillar  level;  water 
retention,  swelling  in  alkali,  and  moisture  sorp- 
tion are  reduced  by  the  presence  of  crosslinks  at 
such  locations. 
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Numerous  chemical  finishing  processes  have 
been  described  for  producing  durable  press  items 
that  have  both  creases  and  smooth  areas  (9). 
Although  some  were  never  utilized  past  the 
laboratory  or  pilot-plant  stage,  many  of  these 
processes  have  been  tried  on  a  commercial  scale 
and  several  are  in  use  today.  However,  in  the 
great  majority  of  these  processes,  to  have  both 
creases  and  smooth  areas,  it  is  necessary  to  insert 
the  creases  before  development  of  a  full  cure  of 
the  chemical  finish.  The  term  "full  cure"  is  used 
here  in  the  sense  that  fabrics  with  a  full  cure 
have  a  level  of  durable  press  smoothness  suf- 
ficiently high  that  the  fabric  can  be  utilized, 
albeit  without  creases,  without  the  need  for 
further  processing  of  any  kind. 

Established  processes  for  producing  durable 
press  items  that  contain  creases  fall  mainly  into 
two    categories,    those    that    use    precure    and 


postcure  techniques  (4).  Among  postcure  tech- 
niques are  the  well-known  Wamock  and  Hube- 
ner  deferred  cure  process  (13),  Mizell's  garhient 
treatment  process  (7),  Cotton  Institute/Ameri- 
can Laundering  Machinery  Institute's  formalde- 
hyde/S02  vapor  phase  treatment  (11),  and 
Walsh's  radiation  cure  process  (12).  Precure 
processes  generadly  employ  a  high  temperature, 
high  pressure  pressing  to  produce  a  crease  in 
fully  cured  fabrics,  usually  of  high  content  of 
thermoplastic  fiber  (8).  A  method  which  is 
somewhat  between  these  two  clear-cut  cases  is 
that  of  Buck  and  Getchell  in  which  fully  cured 
fabric  is  creased  by  localized  application  of  a 
catalyst  and  pressing  (1). 

Earlier  studies  on  creasing  fully  cured  fabrics 
have  been  conducted  at  this  Laboratory.  Frank- 
lin and  coworkers  (2,3)  used  polycarboxylic 
acids  as  catalysts  and  coreactants  in  crosslinking 
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cotton  for  this  purpose.  Hobart  and  Mack  (5) 
reported  the  conditions  necessary  to  break  and 
reform  crosslinks  through  the  action  of  in  situ 
catalyst  groups  in  fabric  that  has  been  chemical- 
ly modified  to  bear  diethylaminoethyl  substi- 
tuents.  Kullman,  Cashen,  and  Reinhardt  (6) 
showed  that  ammonium  chloride/phosphoric 
acid  could  serve  as  a  low  temperature  catsilyst 
system  capable  of  creasing  and  postcuring  wrin- 
kle resistant  fabric  at  the  unusually  low  tempera- 
ture of  100°  C. 

In  recent  research  conducted  at  this  Labora- 
tory on  the  catalysis  of  various  finishing  treat- 
ments for  producing  durable  press  fabrics,  the 
versatility  of  aluminum  chlorhydroxide  in  vari- 
ous catalyst  systems  has  been  established  (10). 
Because  of  the  broad  applicability  of  this  cata- 
lyst, its  use  was  investigated  for  creasing  fully 
cured  durable  press  goods.  This  presentation  is  a 
progress  report  of  the  findings. 

Aluminum  chlorhydroxide,  Al2(OH)5Cl, 
which  is  often  called  aluminum  hydroxychloride 
and  the  5/6  basic  aluminum  chloride  complex, 
can  function  in  several  catalytic  roles  depending 
upon  the  finishing  system  used.  That  is,  alum- 
inum chlorhydroxide  can  provide  excellent  cata- 
lysis by  itself  in  many  conventional  finishing 
treatments;  it  acts  as  a  buffer  with  strong 
mineral  acids  to  moderate  their  catalytic  acti- 
vity; and  it  gives  synergistic  effects  with  many 
weak  acids  and  salts  in  which  the  mixture  is  a 
stronger  catalyst  than  either  component  alone. 
Furthermore,  there  is  little  or  no  change  in  the 
strength  and  durable  press  performance  proper- 
ties after  storage  without  an  afterwash,  even  in 
cotton  fabrics  finished  with  combinations  of 
aluminum  chlorhydroxide  and  mineral  acids  as 
catalysts.  Postcure  finishing  with  aluminum 
chlorhydroxide  catalysis  also  has  been  very 
promising. 

In  the  present  work,  all-cotton  and  cotton/ 
polyester  fabrics  of  several  fiber  blend  composi- 
tions have  been  used.  Because  the  creasing  of 
fully  cured  durable  press  goods  has  potential 
applications  in  commercial  plant  processing  and 
in  home  sewing,  both  lightweight  and  heavier 
weight  fabrics  were  considered.  For  the  same 
reason,  various  types  of  creasing  equipment  and 
procedures  were  investigated.  These  included  the 
use  of  commercial-type  steam-presses  and  hot- 
head presses  and  curing  ovens,  and  household- 
type  steam-irons  and  hand-irons.  In  most  of  the 
experiments  dimethylol  dihydroxyethyleneurea 
(DMDHEU)  was  the  finishing  agent  used  al- 
though dimethylol  methyl  carbamate  (DMMC) 
also  was  used.  Catalyst  systems  investigated 
included  aluminum  chlorhydroxide  alone  and 
activated  mixtures  containing  aluminum  chlor- 
hydroxide   and   certain   mineral   acids,   organic 


acids,  and  inorganic  salts.  The  effects  of  these 
and  various  other  parameters  upon  the  success 
of  producing  a  durable  crease  have  been  deter- 
mined. 

Four  principal  types  of  creasing  were  stud- 
ied: creasing  on  a  commercial  steam  press 
followed  by  oven  treatment;  creasing  on  a 
commercial  steam  press  followed  by  treatment 
on  a  hot-head  press;  creasing  with  a  household- 
-type  hand-iron.  The  first  two  techniques  are 
applicable  for  commercial  processing  while  the 
last  two  are  suitable  for  use  in  the  home. 

All-cotton  fabric  requires  a  more  stringent 
creasing  treatment  than  cotton/polyester  fabric 
to  yield  a  sharp,  durable  crease.  A  more  active 
catalyst  or  higher  creasing  temperature  or  both 
are  required  as  the  mechanism  involved  in 
all-cotton  fabrics  seems  to  be  the  breaking  and 
reforming  of  crosslinks  in  the  finished  cellulose 
fibers.  The  polyester  fibers  in  blend  fabrics  are 
not  crosslinked  by  the  finishing  treatment  and, 
in  addition,  are  thermoplastic.  This  thermoplas- 
tic shaping  assists  the  creasing  and  makes  milder 
catalysts  and  treatment  conditions  operable.  The 
contribution  of  the  thermoplastic  fibers  can  be 
demonstrated  readily  by  creasing  unfinished 
fabric  or  finished  fabric  that  has  been  thorough- 
ly washed  to  remove  the  catalyst. 

Fully  cured  goods  that  had  been  finished 
with  aluminum  chlorhydroxide  catalysis  (2  per- 
cent Al2(OH)5Cl)  gave  higher  quality  creases 
than  similar  goods  finished  with  zinc  nitrate 
catalysis.  If  the  fully  cured  fabrics  were  washed 
and  the  catalyst  reapplied,  markedly  poorer 
creases  were  produced  than  when  the  goods 
were  creased  with  residual  catalyst  from  the 
prior  finishing  treatment  present.  Apparently 
once  removed,  it  is  not  possible  for  the  catalyst 
to  be  properly  redistributed  in  the  crosslinked 
cellulose  structure. 

Other  processing  parameters  that  influence 
the  quality  of  the  resulting  creases  were  identi- 
fied. For  example,  in  finishing  the  fabric  for 
subsequent  creasing,  it  is  desirable  to  use  treat- 
ment conditions  adequate  to  give  a  satisfactory 
level  of  durable  press  smoothness  but  not  to 
over-cure.  Excessively  high  curing  temperatures 
(160°  C.)  diminish  the  quality  of  the  creases  that 
later  can  be  produced  in  the  goods. 

Observations  have  been  made  on  the  temper- 
atures necessary  for  creasing  vrith  a  hand  iron  or 
hot-head  press  and  those  for  oven  treatment 
after  steam  pressing.  Although  the  fully  cured 
fabrics  were  being  creased,  inordinately  high 
temperatures  were  not  needed.  That  is,  creasing 
and  oven  curing  at  about  140°  to  160°  were 
effective  in  most  instances. 

The  results  of  this  study  suggest  that  fully 
cured   durable   press  goods  can  be  creased  by 
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techniques  that  are  appUcable  in  commercial 
plants  and  in  the  home.  Findings  on  the  interact- 
ing effects  of  many  variables  including  the 
nature  of  the  finishing  agent,  the  catalyst  sys- 
tem, the  fabric  structure  and  composition,  the 
finishing  treatment,  and  the  creasing  technique 
should  be  helpful  to  the  industry  in  achieving 
this  objective. 
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Some  15  or  more  elemental  species  may  be 
used  in  flame -re tardant  compositions  applied  to 
cotton    textiles.    Since   performance   is   closely 


related  to  the  concentration  level  of  the  added 
species,  rapid  and  reliable  analyses  are  a  neces- 
sary part  of  flame -re  tardant  research  and  quality 
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control.  With  the  exception  of  nitrogen,  the 
direct  determination  of  other  elementad  species 
of  interest  by  instrumental  methods  of  analysis 
is  feasible.  This  presentation  considers  the  appli- 
cation of  these  methods  in  the  flame -re  tardant 
program  of  the  Southern  Marketing  and  Nutri- 
tion Research  Division. 

The  method  of  choice  is  x-ray  fluorescence, 
which  has  adequate  sensitivity  for  most  species 
encountered  in  flame -retardant  applications,  an 
exception  being  the  nondurable  boron  composi- 
tions. The  initial  cost  of  x-ray  fluorescence 
equipment  is  relatively  high  ($25,000.00  or 
more),  but  its  broad  scope  and  rapidity  permit  a 
quick  recovery  of  this  investment.  Fifty  to 
seventy-five  duplicate  elemental  determinations 
per  8-hour  period  can  be  achieved  without 
difficulty  by  a  single  analyst.  A  typical  fee  for 
single  determinations  of  this  type  by  a  commer- 
cial laboratory  is  $7.00.  Thus,  x-ray  fluorescence 
can  permit  considerable  savings  over  alternative 
routes  for  obtaining  equivalent  analytical  infor- 
mation. In  our  experience  the  method  is  quite 
reliable  for  elements  heavier  than  magnesium, 
except  for  absorption  effects  arising  in  specimens 
containing  large  amounts  of  a  heavy  element 
in  admixture  with  a  light  element  sought,  or 
where  there  are  wavelength  interferences 
between  elements  of  interest.  Absorption  effects 
can  be  handled  by  using  appropriate  synthetic 
mixtures  of  the  elements  sought  as  calibration 
standards.  Wavelength  interferences  can  be  mini- 
mized by  pulse  height  selection  techniques  when 
the  interfering  elements  are  not  too  close  in 
atomic  number,  but  employment  of  a  diffracting 
crystal  which  can  suppress  the  unwanted  radia- 
tion is  a  simpler  and  equally  effective  approach. 
In  the  case  of  the  serious  interference  between 


the  second-order  calcium  K-beta  radiation  and  the 
phosphorus  K-alpha  radiation  in  specimens  which 
have  been  laundered  in  hard  water,  the  use  of  a 
quartz  analyzing  crystal  (2d,  6.68  A.)  effectively 
suppresses  the  Ca  wavelength.  The  ability  of 
x-ray  fluorescence  to  provide  a  rapid  qualitative 
analysis  of  specimens  of  interest  is  unmatched 
by  any  other  technique,  and  the  lack  of  homo- 
geneity of  application  of  the  finish  to  the  fabric 
can  easily  be  demonstrated. 

Atomic  absorption  spectrometry  has  proved 
to  be  a  most  useful  adjunct  to  x-ray  spectro- 
metry in  important  areas  of  the  flame-retardant 
program  of  the  Division.  It  is  applicable,  in 
general,  to  all  elements  except  the  nonmetals, 
with  part  per  million  sensitivity.  The  investment 
in  equipment  is  about  $5,000  to  $10,000. 
Sample  preparation  time  for  most  specimens  is 
lengthy,  since  the  element  is  ordinarily  intro- 
duced into  the  flame  as  an  atomized  solution. 
Flame-retardant  fabrics  which  have  picked  up 
magnesium  and  calcium  as  a  result  of  laundering 
conditions  are  amenable  to  analysis  by  simple 
extraction  with  dilute  mineraJ  acid.  Under  favor- 
able conditions,  boron,  which  ordinarily  is  acces- 
sible only  to  spectrographic  emission  analysis, 
can  be  estimated  by  atomic  absorption  tech- 
niques. An  improvement  in  sample  preparation 
and  handling  may  be  expected  with  the  applica- 
tion of  graphite  furnace  atomization,  where  the 
specimen  can  be  heated  to  2,500°  C.  and  the 
absorption  of  the  element  of  interest  measured. 

These  techniques,  in  conjunction  with  emis- 
sion methods  where  indicated,  provide  a  solid 
foundation  for  flame-retardant  analysis.  Future 
applications  would  appear  to  include  both  neu- 
tron activation  and  photo-electron  analysis,  but 
both  await  less  costly  instrumentation. 
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When  purified  cotton  is  heated,  a  singlet 
ESR  spectrum  is  generated,  which  has  a  g-value 
close  to  that  of  free  spin  and  does  not  exhibit 
any  hyperfine  splitting.  The  trapping  and  stabili- 
zation of  the  free  radicals  in  the  heated  cotton 
are  probably  caused  by  the  formation  of  ring 
structures,  particularly  condensed  carbon  rings 
with  large  resonance  energy,  during  the  thermo- 
lysis   of    cotton.    The    concentration    of    free 


radicals  in  cotton  increases  rapidly  with  increase 
in  temperature  and  time  of  heating.  The  line- 
width  and  shape  of  the  ESR  spectra  for  cottons 
heated  over  a  temperature  range  from  250°  to 
350°  C.  are  essentially  the  same.  Consequently, 
the  concentrations  of  free  radicals  in  heated 
cotton  can  be  estimated  by  measuring  the 
peak-to-peak  values  of  the  ESR  spectra. 

Changes   in   the   rate   of  decomposition  of 
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heated  cotton  are  related  to  changes  in  the  rate 
of  formation  of  free  radicals  during  heating.  The 
rate  of  formation  of  free  radicals  in  heated 
cotton  is  dependent  on:  temperature  of  heating; 
atmosphere  during  heating;  removal  of  volatile 
decomposition  products  during  heating;  temper- 
ature conditioning  before  heating  at  different 
temperature;  and  the  presence  of  additives 
which  may  be  introduced,  for  example,  when 
cotton  is  modified  to  impart  durable-press  or 
flame -retardant  properties. 

The  influence  of  atmosphere  on  the  forma- 
tion of  free  radicals  in  cotton  was  investigated 
by  heating  cotton  in  the  ESR  sample  tube, 
normally  positioned  in  the  resoneint  cavity  of 
the  spectrometer,  in  such  a  way  that  a  stream  of 
gas  could  be  flowed  through  the  cotton.  The 
flow  of  gas  through  and  the  rate  of  heating  of 
cotton  were  adjusted,  so  that  the  temperature  of 
the  heated  cotton  was  constant  at  different  rates 
of  gas   flow.   The   effects   of  time   of  heating 


purified  cotton  in  nitrogen  (both  static  and 
flowing)  and  air  (flowing  only)  at  250°,  270°, 
and  290°  C.  on  the  concentration  of  free  radicals 
formed  are  shown  in  table  1.  In  the  case  of 
nitrogen,  if  the  volatile  decomposition  products 
were,  at  least,  partly  removed  by  the  flowing 
gas,  the  concentrations  of  free  radicals  formed 
were  greatly  reduced.  In  the  case  of  flowing  air, 
the  concentration  of  free  radicals  formed  was 
greater  than  in  the  case  of  flov\dng  nitrogen.  At 
270°  and  290°  C.  the  concentration  of  free 
radicals  formed  in  cotton  in  nitrogen  (static)  and 
air  (flowing)  were  about  the  same.  After  an 
induction  period  of  about  6  minutes  at  290°  C, 
the  decomposition  products  formed  in  nitrogen 
(static)  apparently  accelerated  the  decomposi- 
tion of  cotton.  The  higher  concentration  of  free 
radicals  formed  in  cotton  at  290°  C.  in  air 
(flowing)  than  in  nitrogen  (flowing)  was  proba- 
bly due  to  air  oxidation. 


Table  1:  —  Effect  of  temperature  of  heating  and  atmosphere  on  the 
formation  of  free  radicals  in  purified  cotton 


Concentration  of  free  radicals,  arbitrary 

units. 

at  temperature 

of  heating  of: 

Time 

of 

Heati 

ng. 

250° 

C. 

270° 

C. 

290' 

C. 

Atmosphere 

N 

N 

air 

N 

N 

air 

N 

N 

air 

Min. 

flow 

static 

flow 

flow 

static 

flow 

flow 

static 

flow 

1 

0.5 

0.3 

0.4 

0.4 

0.3 

0.4 

0.4 

0.5 

0.5 

2 

0.4 

0.3 

0.4 

0.4 

0.4 

0.8 

0.6 

1.3 

1.6 

3 

0.4 

0.4 

0.5 

0.6 

0.7 

1.1 

0.8 

2.0 

2.9 

4 

0.4 

0.4 

0.6 

0.7 

0.9 

1.4 

1.0 

3.1 

3.9 

5 

0.4 

0.4 

0.6 

0.7 

1.1 

1.7 

1.2 

4.3 

4.9 

6 

0.4 

0.4 

0.8 

0.8 

1.2 

2.0 

1.4 

5.9 

5.7 

7 

0.4 

0.4 

0.9 

1.0 

1.4 

2.3 

1.7 

7.4 

6.7 

8 

0.4 

0.5 

1.0 

1.0 

1.5 

2.7 

1.9 

9.2 

7.6 

9 

0.5 

0.4 

1.1 

1.1 

1.9 

2.9 

2.1 

11.0 

8.9 

10 

0.5 

0.5 

1.2 

1.3 

2.0 

3.1 

2.3 

13.0 

10.0 

11 

0.5 

0.6 

1.3 

1.3 

2.1 

3.3 

2.5 

15.2 

11.3 

12 

0.6 

0.6 

1.4 

1.4 

2.4 

3.5 

2.7 

17.6 

12.9 

13 

0.7 

0.6 

1.5 

1.5 

2.7 

3.7 

2.9 

20.0 

14.6 

14 

0.6 

0.7 

1.6 

1.5 

2.9 

3.8 

3.1 

22.5 

16.4 

15 

0.6 

0.7 

1.6 

1.7 

3.2 

4.0 

3.4 

25.0 

18.4 

16 

0.6 

0.7 

1.7 

1.7 

3.5 

4.2 

3.7 

27.5 

20.6 

17 

0.6 

0.8 

1.8 

1.8 

3.8 

4.4 

3.9 

30.0 

23.0 

18 

0.6 

0.8 

1.8 

1.9 

4.0 

4.6 

4.1 

32.5 

25.5 

19 

0.7 

0.8 

1.9 

2.0 

4.4 

4.7 

4.3 

35.0 

28.0 

20 

0.7 

0.8 

2.0 

4.7 

4.8 

4.5 

37.5 

30.8 
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The  effects  of  residual  decomposition  prod- 
ucts on  the  formation  of  free  radicals  in  heated 
cotton  are  also  shown  in  table  2.  Samples  of 
cotton  were  preheated  at  265°  C.  in  nitrogen 
(static)  (A)  and  vacuum  (B)  for  10  minutes;  then 
they  were  heated  at  290°  in  vacuum.  Similarly, 
samples  of  cotton  were  preheated  at  290°  in 
nitrogen  (static)  (C)  and  vacuum  (D);  then  they 
were  heated  at  265°  in  nitrogen  (static).  Decom- 
position products  would  tend  to  accumulate  to  a 
greater  degree  in  the  samples  initially  and 
subsequently  heated  in  nitrogen  (static)  than  in 

Table  2:  —  Effect  of  residual  decomposition  products  on 
the  formation  of  free  radicals  in  heated  cotton 


Time 

Concentration  of  free  radicals,  arbitrary  units, 
at  heating  conditions  of: 

of 
Heat- 
ing, 

Preheated          Reheated           Preheated 
290°  C.             290°  C.              290°  C. 

Reheated 
265°  C. 

min. 

N     Vacuum      Vacuum            N       Vacuum 
static                                              static 

N 
static 

Corresponding  samples 
ABA            BCD 

C          D 

1  0.4  0.4  3.2  1.4  0.4  0.4  7.6  5.4 

2  0.4  0.5  4.8  2.2  1.5  0.9  8.4  5.4 

3  0.7  0.5  6.4  3.0  3.7  1.2  9.2  5.6 

4  0.7  0.6  8.0  4.0  7.3  1.8  10.0  5.8 

5  1.0  0.7  9.4  5.0      2.3  10.6  5.8 

6  1.1  0.8  11.0  6.2      3.0  11.4  6.0 

7  1.3  0.9  12.4  7.2      3.6  12.2  6.2 

8  1.5  1.0  13.8  8.4      4.2  13.0  6.4 

9  1.8  1.0  15.2  9.4      4.9  13.6  6.5 

10  2.0  1.1  16.6  10.6      5.5  14.4  6.7 


samples  heated  in  vacuum.  This  is  reflected  in 
the  yields  of  free  radicals  in  the  heated  cottons. 
The  apparent  energy  of  activation  for  the 
formation  of  free  radicals  in  purified  cotton 
heated  in  nitrogen  (static)  was  33  kcal./mole; 
the  energy  for  formation  of  radicals  in  cotton 
heated  in  vacuum  was  57  kcal./mole. 

The  effects  of  decomposition  products 
trapped  in  heated  cotton  are  similar  to  the 
effects  of  additives  on  cotton  on  formation  of 
free  radicals.  Additives,  such  as  potassium  bicar- 
bonate, borax,  sodium  carbonate,  and  am- 
monium phosphate,  lower  the  temperature  at 
which  decomposition  of  heated  cotton,  as  meas- 
ured by  formation  of  free  radicals,  is  initiated. 
The  amount  of  residual  char  in  thermolyzed 
cotton  is  greater  for  samples  treated  with  addi- 
tives than  for  untreated  samples.  However,  the 
ESR  spectra  of  free  radicals  trapped  in  the  char 
from  both  treated  and  untreated  cotton  were 
the  same  in  the  temperature  range  from  250°  to 
350°  C. 

Exposure  of  the  charred  samples  to  oxygen 
at  about  25°  C.  increased  the  intensity  of  the 
ESR  spectra,  in  some  cases  as  much  as  200 
percent.  This  increase  in  intensity  of  the  ESR 
spectra  of  the  trapped  radicals  could  be  almost 
completely  removed  by  applying  a  vacuum  to 
the  sample,  by  flowing  nitrogen  through  the 
sample,  or  by  increasing  the  temperature  of  the 
sample  to  about  250°  C.  The  line-width  and 
shape  of  the  ESR  spectra  of  the  trapped  radicals 
were  the  same  in  both  the  presence  and  absence 
of  oxygen.  A  change  in  the  infrared  spectra  of 
the  char  was  recorded  in  the  1,000  to  1,100 
cm.'l  region  on  the  introduction  of  oxygen.  The 
reactivities  of  thermally  initiated  free  radicals  in 
cotton,  treated  cottons,  and  their  chars,  as 
related  to  oxidation  of  and  flame-proofing  proc- 
esses for  cotton  products,  are  discussed. 
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At  room  temperature  cotton  underwent 
rapid  reaction  vdth  the  addition  product  of 
phosphorus  trichloride  and  dimethylformamide 
(DMF).  This  PCI3-DMF  adduct  is  known  to 
contain  two  moles  of  DMF  per  mole  of  phos- 
phorus trichloride.  The  treatment  was  applied  to 
cotton  sateen  to  produce  flame-retardant  fabrics 


having  high  phosphorus  contents  and  moderate 
percentages  of  nitrogen.  The  effect  of  reaction 
time,  adduct  concentration,  wash  procedure, 
and  durability  of  the  cellulosic  product  to  home 
launderings  was  investigated.  A  mechanism  is 
proposed  for  the  initial  reaction  of  this  adduct 
with    the   cotton    and   its  subsequent  chemical 
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behavior  on  the  basis  of  elemental  analyses  and 
infrared  spectra. 

The  reaction  of  the  PCI3-DMF  adduct  with 
cotton  sateen  was  dependent  on  the  solvent  in 
which  the  adduct  was  dissolved,  the  concentra- 
tion of  the  adduct  used,  and  the  reaction  time. 
Of  the  solvents  screened,  chloroform  and  DMF 
were  the  most  effective  in  causing  reaction  of 
the  adduct  vdth  the  cellulose.  The  latter  was 
chosen  in  most  cases,  since  it  was  also  used  as  a 
pre  treatment  solvent  (30  minutes  soak  time  in 
all  cases)  to  activate  the  fabric,  Eind  was  the  most 
effective  one  in  minimizing  strength  losses  due 
to  the  presence  of  free  hydrochloric  acid. 

Large  increases  in  the  weight  gain  and  in 
phosphorus  and  nitrogen  contents  of  the  treated 
fabrics,  as  well  as  in  flame  resistance,  were 
observed  on  increasing  the  concentration  of  the 
adduct.  Cotton  sateen  fabrics  reacted  for  an 
hour  vdth  adduct  concentrations  of  1  to  15 
percent  (bath  ratios  used:  40  parts  of  solution 
per  part  of  cellulose  by  weight)  had  weight  gains 
of  3.5  to  18.2  percent  (percent  P  =  0.9  to  3.8; 
percent  N  =  0.4  to  0.8)  when  subsequently 
washed  wdth  DMF,  5  percent  aq.  acetic  acid  (10 
minutes),  and  briefly  with  tap  water  (1  minute) 
before  air-drying. 

The  flame  resistance  increased  greatly  even 
during  fabric  treatment  at  low  adduct  concentra- 
tions, with  2  percent  adduct  treatment  for  1  hr. 
producing  a  fabric  having  a  char  length  of  only 
2.5  inches.  This  fabric  possessed  a  7.2  percent 
add-on,  contained  1.23  P,  and  0.56  percent  N. 
Increasing  the  adduct  concentration  above  15 
percent  had  no  additional  beneficial  effect  on 
improving  the  initial  flame  resistance  of  the 
fabric,  but  did  moderately  increase  the  phos- 
phorus contents  to  levels  as  high  as  5  percent. 

Although  the  wash  procedures  used  subse- 
quent to  adduct  treatment  had  no  noticeable 
effect  on  the  resultant  weight  gain  or  phos- 
phorus contents,  they  did  have  a  marked  in- 
fluence on  the  resultant  flammability  of  the 
fabrics  and  on  the  nitrogen  and  calcium  contents 
obtained.  Fabrics  washed  with  DMF,  5  percent 
acetic  acid,  and  briefly  with  tap  water  (hereafter 
called  the  acetic  acid  wash  method)  required 
much  less  adduct  application  to  impart  high 
flame  resistance  than  fabrics  washed  briefly  with 
DMF  followed  by  tap  water  for  30  minutes 
(called  the  tap  water  wash).  Sateen  fabrics 
treated  for  an  hour  with  2-percent  adduct,  and 
then  given  the  acetic  wash,  passed  the  vertical 
flame  test  (2.5  inches  char  length),  while  a 
similar  treatment  with  5  percent  adduct,  fol- 
lowed by  a  tap  water  wash,  produced  a  fabric 
having  a  char  length  of  5.5  inches.  Elemental 
analyses  of  the  two  fabrics  were  as  follows: 
Acetic    acid    method:     1.23    percent    P,    0.56 


percent  N,  0.06  percent  Ca;  tap  water  method: 
2.49  percent  P,  0.37  percent  N,  0.36  percent  Ca. 
The  loss  of  nitrogen  and  moderate  calcium 
uptake  of  the  fabric  washed  in  tap  water 
suggests  that  the  fabric  forms  a  different  deriva- 
tive when  first  washed  with  water  than  when 
first  given  an  acetic  acid  wash. 

At  a  given  adduct  concentration,  an  increase 
in  the  reaction  time  resulted  in  an  increase  in 
add-on,  and  in  phosphorus  and  nitrogen  content, 
as  well  as  a  reduction  in  the  flammability  of  the 
cotton  fabrics.  By  utilizing  the  acetic  acid  wash 
procedure,  reaction  times  were  varied  from  5  to 
60  minutes  at  2-and  5-percent  concentrations  of 
the  adduct.  The  most  rapid  increase  in  the 
weight  of  the  fabric  was  observed  when  the 
reaction  time  was  increased  from  5  to  15 
minutes  (irrespective  of  the  adduct  concentra- 
tion used).  A  typical  example  is  afforded  by 
comparison  of  fabrics  treated  vdth  5-percent 
adduct  for  5  and  15  minutes:  the  former  had  a 
weight  gain  of  6.5  percent,  contained  1.34 
percent  P,  0.40  percent  N,  and  gave  a  char 
length  of  3.5  inches,  while  the  latter  had  an 
add-on  of  10.2  percent,  contained  2.33  percent 
P,  0.57  percent  N,  and  gave  a  cha.r  length  of  3 
inches.  In  terms  of  minimum  reaction  time  and 
adduct  concentrations,  treatment  with  2-percent 
adduct  for  an  hour  or  5  percent  for  5  minutes 
was  quite  adequate  in  producing  flame-retardant 
sateen  fabrics  (char  length  of  less  than  4  inches). 

The  durability  of  the  flame-retardant  cotton 
fabrics  to  standard  home  launderings  (normal 
wash  and  dry  cycles)  was  investigated.  The 
fabrics  subjected  to  laundering  were  pre\dously 
reacted  for  an  hour  with  5-  to  25-percent 
concentrations  of  the  adduct  in  DMF  or 
DMF-chloroform  (used  at  adduct  concentrations 
greater  than  15  percent),  and  washed  by  both 
the  acetic  acid  and  tap  water  procedures.  Be- 
cause of  the  hydrolytic  behavior  of  the  fabrics, 
only  those  treated  vdth  adduct  concentrations 
of  20  percent  or  greater  had  adequate  flamma- 
bility after  10  home  launderings.  Sateen  fabric 
treated  with  20-percent  adduct  in  20-percent 
CHCI3-6O  percent  DMF  passed  the  vertical  flame 
test  after  15  launderings  (char  length  of  2.5 
inches)  and  had  4.8  percent  P,  0.3  percent  N, 
0.5  percent  CI,  and  1.3  percent  Ca.  A  fabric 
treated  with  25  percent  adduct  in  16  percent 
CHCI3-59  percent  DMF  passed  the  vertical  flame 
test  even  after  20  home  launderings  (3.5  inches 
char  length),  and  had  5.2  percent  P,  0.3  percent 
N,  0.8  percent  CI,  and  1.2  percent  Ca.  At  this 
stage  of  development,  fabrics  treated  with  the 
adduct  were  assessed  to  have  moderate  durabil- 
ity to  home  launderings  (10  to  20  cycles),  and 
their  initial  flame  resistance  was  excellent.  Work- 
is  now  in  progress  to  reduce  or  eliminate  the 
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hydrolytic  changes  detrimental  to  the  flame 
resistance  of  these  fabrics. 

Treatment  with  the  adduct  produced  moder- 
ate increases  (40°  to  60°)  in  both  the  wet  and 
dry  wrinkle  recovery  of  the  sateen  fabrics.  The 
wet  wrinkle  recovery  quickly  reached  a  maxi- 
mum with  only  5-percent  adduct  treatment 
(224°  compared  with  168°  for  untreated  sateen), 
while  the  conditioned  wrinkle  recovery  reached 
a  maximum  with  the  15  percent  adduct  treat- 
ment (230°  compared  with  183°  for  untreated 
sateen);  reaction  time  had  little  effect  on  the 
wrinkle  recovery  at  a  given  adduct  concen- 
tration. 

Tensile  properties  of  the  adduct-treated 
fabrics  were  adversely  affected  by  increasing  the 
adduct  concentration,  but  unaffected  by  increas- 
ing the  reaction  time.  For  example,  reaction 
with  5-percent  adduct  for  times  of  5  to  60 
minutes  produced  a  fabric  having  strength  values 
(relative  to  untreated  sateen)  of  77  to  65 
percent;  treatment  with  25  percent  adduct  in  16 
percent  CHCI3-59  percent  DMF  for  an  hour 
reduced  the  strength  retention  to  33  percent  of 
that  of  untreated  fabric . 


In  an  effort  to  elucidate  the  mechanism  by 
which  this  adduct  reacts  initially  with  the  cotton 
cellulose,  and  undergoes  gradual  changes  during 
laundering,  sateens  were  treated  with  5-  and 
15-percent  solutions  of  the  adduct  for  15 
minutes,  then  washed  by  three  different  pro- 
cedures: (1)  DMF,  then  chloroform,  (2)  the 
acetic  acid  wash  previously  described,  and  (3) 
the  tap  water  wash  previously  described.  Ele- 
mental analyses  for  percent  P,  N,  CI,  and  Ca 
revealed  that  (1)  percent  P  was  unaffected  by 
the  wash  procedure  employed,  (2)  percent  N 
decreased  progressively  from  the  CHCI3  wash  to 
the  acetic  acid  wash  to  the  tap  water  wash,  (3) 
percent  CI  was  only  appreciable  with  the  chloro- 
form wash,  (4)  percent  Ca  was  only  appreciable 
with  the  tap  water  wash,  and  (5)  the  first  four 
observations  were  true  at  either  adduct  concen- 
tration investigated.  In  terms  of  P/N  and  P/Cl 
ratios,  fabrics  treated  vidth  the  adduct  and  given 
a  nonaqueous  (CHCI3 )  wash  contained  one  P  for 
every  N  and  CI  atom. 

A  mechanism  consistent  for  the  reaction  of 
the  cellulose  with  the  adduct  and  subsequent 
hydrolysis  of  the  cellulosic  product  is  as  follows: 


Cell-OH 

CI 

/ 


+         CI-P(0-CH=NMe2)2    2CI 


Cell-0-P-0-CH=NMe2  CI 


CI 

/ 
Cell-0-P-0-CHNMe2 
\ 
0-Cell 


H,0 


Cell-0-P-OH 
\ 
0-C-H 


OH    0-Cell 
/        / 
Cell-0-P-0-CHNMe2 


/ 

Cell-O-P 

\ 


OH 


H.O 


OH 


In  addition  to  being  consistent  vdth  the  analyses 
found,  this  mechanism  is  also  supported  by  the 
infrared  spectra  of  the  cellulosic  product  taken 
after  subjection  to  each  of  the  three  aforemen- 
tioned wash  procedures.  A  progressive  increase 
in    the   carbonyl   absorption   occurs   when   the 


fabric  is  washed  in  aqueous  media,  particularly 
tap  water;  this  may  be  attributed  to  production 
of  the  very  labile  formate  ester  of  the  phos- 
phorylated  cellulose  depicted  in  the  equations 
above. 


50 
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WATER  IN  THPC  BASED  FABRICS 


by 


R.  J.  Berni,  D.  M.  Soignet,  and  J.  V.  Beninate 

Southern  Marketing  and  Nutrition  Research  Division 

New  Orleans,  La. 

(Presented  by  R.  J.  Berni) 


A  method  has  been  developed  for  the  rapid 
analysis  of  water  absorbed  on  cotton.  A  Varian 
Aerograph  Model  1520  gas  chromatograph  with 
a  thermal  conductivity  detector,  a  matrix  tem- 
perature program  unit,  and  10-foot  by  1/4-inch 
(100/120  mesh)  Poropak  T  column  was  used. 
Acetone  was  selected  as  the  solvent  for  extract- 
ing water  from  cotton;  anhydrous  methanol  was 
used  as  an  internal  standard  in  the  acetone. 

Fabrics  analyzed  were  desized,  scoured,  and 
bleached  (80  x  80)  printcloth  weighing  3.4 
ounces  per  square  yard.  Samples  were  prepared 
for  analysis  by  using  a  wrinkle  recovery  testing 
die  which  provided  4  x  1.5  cm.  samples  weighing 
approximately  66  mg. 

Determination  of  standard  curve  for  water 
analysis.  —  A  standard  anhydrous  acetone  solu- 
tion containing  10.89  mg.  of  methanol  (MeOH) 
per  ml  of  solution  was  prepared.  Three  ml.  of 
this  solution  were  added  to  2 -dram  bottles  fitted 
with  rubber  septum  stoppers  and  then  accurate- 
ly weighed.  Microliter  aliquots  of  deionized 
water  were  added  and  the  bottles  reweighed  to 


determine  amounts  of  water  added.  Some  stand- 
ard acetone-methanol  solution  was  also  placed  in 
a  stoppered  bottle  at  the  time  of  sample 
preparation  and  served  as  a  blank.  Microliter 
samples  of  each  were  chromatographed.  Data 
obtained  from  the  chromatogram  are  shown  in 
table  1 .  Because  of  the  similarity  in  shape  of  the 
water  and  methanol  peaks,  peak  heights  were 
selected  for  measurement.  A  ratio  of  water  to 
methanol  peak  heights  was  determined.  The  A 
value  represents  the  difference  in  the  ratios  from 
the  sample  and  the  blank  solution.  A  plot  of  the 
A  values  vs.  the  weight  ratios  of  water  to 
methanol  was  linear.  The  legist  squares  line 
through  the  experimental  points  can  be  ex- 
pressed by  the  following  equation. 


mgHjO^mg.  CH3OH  [A- 0.0003] 


(1) 


1.071 


The  line  has  a  correlation  coefficient  of  0.999 
and  a  standard  error  of  estimate  of  0,01. 


Table  1:  —  GLC  data  for  determination  of  standard  curve  for  water  analysis^ 


Added  HjO  Peak  height 

mg  H2O  CH3OH  H2O/CH3OH 


A.      H 


mg 
2O/CH3OH 


0 

0.92 

2.51 

4.66 

9.76 

14.75 

19.59 

24.26 

34.35 


8 

106 

11 

103 

17 

107 

26 

108 

40 

106 

59 

107 

76 

106 

95 

107 

103 

86 

.075 

.106 

.031 

.028 

.159 

.084 

.077 

.241 

.166 

.143 

.377 

.302 

.299 

.551 

.476 

.451 

.717 

.642 

.599 

.888 

.813 

.742 

1.198 

1.123 

1.051 

Acetone  used  as  solvent  containing  10.89  mg  MeOH/ml  of  solution. 


2A= 


f^HgOH/ 


peak  height  sample| 


H,0 


£H30H 


peak  height  blank 
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Determination  of  water  present  in  cotton 
fabric.  —  The  current  standard  user  for  the 
determination  of  moisture  in  cotton^  is  accurate 
but  too  time  consuming  for  use  in  a  production 
hne  operation.  In  instances  where  the  moisture 
content  of  the  fabric  before  its  modification 
affects  the  resulting  fabric  properties,  the  time 
in  determining  the  moisture  contents  may  be 
critical  and  costly.  The  standard  method ^  lacks 
applicability  when  other  volatUes  are  present. 
Since  the  glc  peak  heights  of  water  are  linearly 
related  to  the  weights  of  water  in  solution,  the 
determination  of  water  in  cotton  fabric  should 
depend  only  on  the  efficiency  of  extracting  the 
water  from  the  cotton  by  a  solvent. 

In  a  series  of  experiments  known  amounts  of 
water  were  added  to  30  mg.  samples  of  cotton 
fabrics  which  contained  their  original  5.7  per- 
cent water.  To  these  fabrics,  enclosed  in  small 
bottles  fitted  with  rubber  septum  was  added  3 
ml.  of  stock  solution.  After  soaking  the  fabrics 
for  one  hour,  each  solution  was  chromato- 
graphed  as  described  earlier.  On  an  average  95 
percent  of  all  water  present  on  the  cotton  was 
extractable  and  detected.  A  plot  of  the  water 
detected  vs.  the  water  present  yields  a  least 
square  line  that  could  be  expressed  by  the 
following  equation. 

mg  H2  O  present  on  cotton  = 
0.468  +  1.01  (mg.  H2O  detected) 
The  line  has  a  correlation  coefficient  of  0.999 
and  a  standard  error  of  estimate  of  0.21. 

A  similar  procedure  was  used  to  determine  a 
standard  curve  for  formaldehyde  in  the  presence 
of  methanol.  The  Porapak  T  column  was  also 
used  to  separate  formaldehyde,  water,  methanol, 
and  acetone  from  a  mixture.  A  typical  glc  curve 
is  shown  in  figure  1 . 

Practical  application  of  the  method.  — 
Beninate  and  coworkers^  previously  postulated 
that  moisture  content  (after  drying  and  before 
ammonia  curing  of  THPOH-padded  fabrics) 
could  adversely  affect  durability  of  the  flame 
retardancy.  Therefore,  fabrics  (80  x  80  print- 
cloth)  were  twice  padded  to  90  percent  wet 
pickup  with  a  THPOH  solution,  then  dried  at 
various    times   at   80°   C.    Results   of   both   glc 


analysis  for  water  and  formaldehyde  and  dura- 
bility of  flame  retardancy  properties  are  shown 
in  table  2. 


0 

II 
CH3CCH3 

1     1 

H 
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CHgO 

1 — 

1— ^ 
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CH3OH 

I  1          -^ 
1 

1             1 

0 

3             6            9            12            15 

RETENTION    TIME  (MINS.) 

Figure  1.    A  typical  chromatogram  obtained  on  a 

Porapak  T  column  for  a  mixture  of  formaldehyde, 

water,  methanol,  and  acetone 

Initially  all  fabrics  show  acceptable  char 
lengths  although  add-ons  were  slightly  reduced 
with  no  drying  or  a  drying  time  of  1/2  minute, 
and  were  significantly  reduced  with  drying  times 
10  minutes  or  longer  at  80°  C.  With  subsequent 
laundering,  this  initially  reduced  add-on  was 
reflected  in  an  overall  decrease  in  flame-retard- 
ant  properties  as  measured  by  char  length.  On 
the  other  hand,  fabrics  which  had  moisture 
contents  about  3  to  15  percent  gave  add-on  after 
curing  of  greater  than  22  percent  and  good 
durability  after  30  laimderings. 

These  data  indicate  that  with  lightweight 
fabric  and  this  particular  treatment  that  durabil- 
ity can  be  affected  by  drying  time.  Underdrying 
or  overdrying  can  result  in  a  flame-retardant 
finish  with  poor  durability  to  laundering. 


■'^  American  Society  for  Testing  and  Materials,  D2654,  Philadelphia,  Pa. 

^Beninate,  J.  V.,  Boylston,  E.  K.,  Drake,  G.  L.,  Jr.,  and  Reeves,  W.  A.  Better  flame  resistant  finish  for  cottons,  Text. 
Ind.  131:  110-118.  1967 
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Table  2.    Effect  of  drying  time^  on  comparison  of  THPOH  treated  fabric  and  on  durability  of  flame  retardancy 


glc  Analyses2  of  THPOH 

Properties  of  fabric  after  ammonia 

impregnated  fabric 

fixation  of  THPOH 

Drying 

time 

H2O 

Per-       CH2O 

Add-on 

Charl 

length  (inches) 

(min.) 

mg. 

cent^        mg. 

Percent 

Orig. 

10  L. 

20  L. 

30  L. 

0 

32.05 

33.9         6.63 

21.7 

3.7 

BEL^ 

BEL 

BEL 

0.5 

15.16 

19.5         6.17 

22.6 

3.7 

BEL 

BEL 

BEL 

1.0 

10.70 

14.6         4.79 

24.2 

3.7 

3.1 

3.1 

2.8 

3.0 

2.39 

3.7         3.56 

24.6 

3.6 

3.1 

3.1 

2.8 

5.0 

1.95 

3.0        2.33 

22.1 

3.5 

3.0 

3.0 

3.0 

10.0 

1.50 

2.3         2.02 

15.2 

3.2 

3.4 

BEL 

BEL 

15.0 

1.50 

2.3        0.65 

15.2 

3.2 

3.2 

BEL 

BEL 

20.0 

1.20 

1.8        0.44 

13.5 

3.2 

3.4 

BEL 

BEL 

Control 

3.57 

5.4 

1  Cotton    fabric    twice    padded    with    THPOH    solution,    dried    at  80°  C   for   indicated 

times,   then  amnnonia  cured. 
2Gas-Liquid    Chromatographic    (glc)    analyses    of    test    samples    (66    mg.)    cut    before 

ammonia  curing.  Char  length  determined  on  original  treated  fabric,  after  10,  20,  and  30 

launderinqs  (L). 

^Percent  =  wt.  of  water  x  100 

wt  of  water  +  wt.  of  original  dry  cotton. 
'^BEL  =  burned  entire  length. 
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Phosphorus-containing  compounds  are 
among  the  most  efficient  fire  retardants  cur- 
rently available  for  cellulosic  fibers  and  fabrics. 
The  "THPOH  "-gaseous  ammonia  finish  devel- 
oped at  the  Southern  Regional  Research 
Laboratory  is  one  of  the  best  presently  available 
for  lightweight  fabric  (4.0  oz.  and  less).  The 
release  of  large  quantities  of  formaldehyde 
during  padding  and  drying  operations  and  the 
use  of  large  amounts  of  ammonia  gas  during 
curing  have  been  drawbacks  to  its  commerciali- 
zation. Furthermore,  conventional  "THPOH" 
solutions  tend  to  release  hydrogen  gas  and  could 
cause  solution  storage  problems  and  processing 
difficulties. 

Conventional  "THPOH"  solutions  contain 
NaOH  and  THPC  in  a  ratio  of  about  9/10  over  a 
pH  range  of  7.2  to  7.8.  When  mole  ratios  of 
NaOH/THPC  were  varied  from  1/10  to  9/10,  the 
pH  varied  from  5.2  to  7.8.  Durable  finishes  were 
formed   when   solutions  having  mole  ratios  of 


NaOH/THPC  of  5/10  and  higher  were  padded  on 
fabric  prior  to  ammonia  fixation.  The  most 
effective  pH  range  was  6.3  to  7.8.  Although  the 
formaldehyde  released  during  padding  and  cur- 
ing was  somewhat  reduced  by  lower  mole  ratios 
of  NaOH,  the  odor  problem  was  still  adverse. 

Greater  reductions  in  formaldehyde  release 
were  observed  when  the  sodium  sulfite  was  used 
in  the  preparation  of  "THPOH"  instead  of 
sodium  hydroxide.  When  a  mole  ratio  of 
Na2S03/THPC  of  5/10  was  used,  the  formalde- 
hyde released  during  padding  and  drying  was 
greatly  reduced.  There  did  not  appear  to  be  any 
evolution  of  hydrogen  gas  during  or  after  solu- 
tion preparation.  The  pH  of  this  solution  was 
5.2.  When  used  in  combination  with  a  gaseous 
ammonia  cure,  this  formulation  produced  a 
finish  durable  to  50  standard  wash /dry  cycles. 
The  fabric  so  treated  had  an  excellent  hand.  A 
convenient  method  of  preparing  sodium  sulfite 
solutions  consists  of  bubbling  sulfur  dioxide  gas 
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into  a  caustic  solution  of  the  desired  concentra- 
tion until  the  pH  is  10.2.  This  solution  is  then 
combined  with  a  THPC  stock  solution  to  form 
the  sulfite  modified  "THPOH." 

In  its  present  form  the  conventional 
"THPOH"-NH3  process  involves  the  use  of  large 
excess  of  ammonia  gas  during  curing.  Since 
many  systems  depend  either  in  whole  or  in  part 
upon  the  uniform  penetration  of  ammonia  gas 
into  the  "THPOH"  sensitized  fabric,  the  curing 
process  also  can  be  time  consuming.  It  is 
necessary  to  carefully  control  the  moisture 
present  in  the  sensitized  fabric  before  curing. 
Overdrying  causes  an  excess  loss  of  formalde- 
hyde which  results  in  a  less  reactive  methylol 
phosphorus  compound.  Furthermore,  some  of 
the  "THPOH"  is  converted  to  the  inactive 
phosphine  oxide  when  the  pH  of  the  solution  is 
much  above  7.0.  Other  methods  of  curing  the 
"THPOH"  sensitized  fabric  with  ammonia  were 
investigated  vdth  the  aim  of  minimizing  these 
problems.  Liquid  ammonia  and  nonaqueous 
solutions  of  ammonia  which  can  be  applied  to 
fabric  by  padding  were  examined.  Cold  isopro- 
panol  was  found  to  be  a  satisfactory  solvent  for 
ammonia.  Both  liquid  ammonia  and  isopropanol 
solutions  of  ammonia  were  found  to  be  satisfac- 
tory for  this  ammonia  cure.  By  proper  adjust- 
ment of  processing  variables,  i.e.,  roll  pressures, 
rate  of  travel  through  the  bath,  and  so  forth,  the 
amount  of  ammonia  applied  to  the  sensitized 
fabric  could  be  precisely  controlled.  Liquid 
ammonia  and  ammonia  in  isopropanol  penetrate 
cotton  fabric  very  rapidly.  Since  ammonia  is 
applied  from  a  pad  bath,  there  is  an  almost 
instantaneous,  uniform  penetration  of  the  fabric 
by  ammonia  and  rapid  fixation  of  flame  retard- 
ant.  The  fabric  can  be  quickly  quenched  with 
water  or  heated  to  remove  the  excess  ammonia 
and  then  oxidized.  If  liquid  ammonia  is  used, 
the  additional  advantage  of  increased  fabric 
tensile  strength  due  to  ammonia  mercerization  is 
observed.    Furthermore,   when  liquid  ammonia 


cures  are  used  with  either  conventional  or 
modified  "THPOH"  sensitized  fabric,  much 
greater  latitude  in  drying  can  be  used  than  with 
the  gaseous  cure. 

The  SRRL  chainless  mercerizer  was  found  to 
be  convenient  and  practical  equipment  for  ap- 
plying pad-bath  ammonia  cures  to  either  conven- 
tional or  modified  "THPOH."  It  is  well  hooded 
and  capable  of  treating  fabric  over  a  wide  range 
of  processing  variables.  When  either  convention- 
al or  sulfite  modified  "THPOH"  sensitized  sheet- 
ing was  treated  with  either  of  these  pad  baths  on 
the  SRRL  mercerizer,  durable  finishes  with  an 
excellent  hand  were  obtained.  It  should  be 
pointed  out  that  fabric  stiffness  did  not  occur 
although  the  cure  was  carried  out  under  con- 
stant tension,  which  normally  causes  fabric 
stiffness. 

Most  "THP0H"-NH3  finishes  require  at  least 
3.0  percent  bound  phosphorus  to  provide  satis- 
factory durability  to  washing.  If  the  phosphorus 
content  could  be  reduced  by  the  inclusion  of 
additional  sources  of  nitrogen,  the  cost  of  the 
finish  could  be  reduced.  Several  formulations 
containing  either  THP,  urea,  and  formaldehyde, 
or  "THPOH"  and  urea  were  studied.  None  of 
the  formulations  containing  "THPOH"  and  urea 
produced  a  durable  finish  when  cured  with 
ammonia.  Solutions  containing  mole  ratios  of 
THP/urea/CH2  0  of  2/1/2  and  3/2/3  produced 
durable  finishes  when  used  with  a  liquid  am- 
monia cure.  A  solution  having  a  1/1/1  mole  ratio 
did  not.  The  addition  of  urea  to  the  THP-form- 
aldehyde  system  enables  the  phosphorus  level 
to  be  reduced  to  2.5  percent,  while  still  provid- 
ing good  durability. 

The  use  of  sulfite  modified  "THPOH"  and 
liquid  ammonia  cures  should  enhance  the  prac- 
tical application  of  the  "THPOH  "-ammonia  fin- 
ish. Liquid  ammonia  curing  of  THP,  urea,  and 
formaldehyde  in  the  proper  mole  ratios  pro- 
duces a  durable  finish  with  a  reduced  phos- 
phorus content. 
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The  THPOH-amide  flame  retardant  being 
developed  at  the  Southern  Regional  Research 
Laboratory  is  based  on  tetrakis(hydroxy- 
methyl)  (phosphonium  hydroxide  (THPOH), 
urea,  and  trimethylolmelamine.  In  earlier  work. 


treating  solutions  of  30-  to  35-percent  total 
solids  containing  the  three  components  in  a 
molar  ratio  of  2:4:1  (THPOH :urea:methylolmel- 
amine),  when  applied  to  cotton  fabrics  of  8 
ounces    per    square    yard    or   greater   imparted 
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durable  flame  resistance  along  with  good  hand 
and  minimal  losses  in  breaking  and  tearing 
strength.  Application  of  this  flame  retardant 
formulation  to  lightweight  cotton  flannelette 
also  imparts  good  flame  retardancy.  In  most 
instances,  however,  the  hand  of  treated  fabric  is 
somewhat  harsh  and  not  satisfactory  for  use  in 
children's  sleepwear.  The  stringent  requirements 
of  the  recently  issued  flammability  standard  for 
children's  sleepwear  have  increased  the  difficulty 
of  developing  flame  retardant  treatments  which 
are  acceptable  for  application  to  cotton  flannel- 
ette. Because  of  this,  the  Southern  Regional 
Research  Laboratory  has  engaged  in  research  to 
develop  formulations  and  processes  which  can 
be  successfully  applied  to  this  type  of  fabric  and 
conform  to  the  requirements  of  the  standard. 

Throughout  this  study,  all  treatments  were 
applied  to  a  100-percent  cotton  flannelette 
printed  on  a  white  background.  Fabric  weight 
was  4.1  oz./sq.  yd. 

Experiments  were  conducted  to  modify  the 
THPOH-amide  formulation  by  varying  the  molar 
ratio  of  the  active  components  THPOH,  urea, 
and  methylolmelamine.  Fabrics  were  treated 
with  solutions  varying  in  total  solids  of  from  33 
to  35  percent  in  which  the  molar  ratio  of 
components  were  2:4:]  and  6:5:1  (THPOH: 
urea: methylolmelamine).  The  fabrics  were  proc- 
essed by  padding,  drying  at  moderate  tempera- 


ture, curing  at  elevated  temperature,  and  fol- 
lowed by  washing. 

The  effect  of  incorporating  THPC/THPOH 
solutions  containing  varying  mole  fractions  of 
THPOH  in  the  treating  formulations  was  deter- 
mined with  respect  to  efficiency  of  add-on, 
durability  of  flame  resistance,  and  the  hand  and 
other  physical  properties  of  treated  fabrics.  The 
pH  of  the  pad  bath  had  an  effect  on  the 
efficiency  of  the  reaction.  In  general  pH's 
slightly  below  7  produced  the  best  results. 

By  decreasing  the  amount  of  trimethylolmel- 
amine  used  in  the  formulation,  the  resulting 
fabrics  had  a  better  hand,  less  yellowing  when 
subjected  to  chlorine  bleach,  and  better  strength 
retention.  When  adequate  amounts  of  flame 
retardant  were  applied  to  flannel  fabric,  good 
flame  retardancy  resulted  which  was  durable  to 
over  50  laundry  cycles. 

All  treated  fabrics  were  subjected  to  an 
oxidizing  treatment  by  padding  with  a  solution 
containing  5  percent  hydrogen  peroxide  and  1 
percent  sodium  silicate  followed  by  washing  in 
hot  water. 

Short  yardages  of  cotton  flginnelette  were 
treated  on  a  semipilot  plant  scale.  The  treated 
fabrics  were  evaluated  with  respect  to  flame  resist- 
ance, durability  of  the  finish  to  laundering,  hand, 
and  other  physical  properties,  wash-wear  ratings, 
and  yellowing  caused  by  chlorine  bleaching. 
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ABSTRACT 

In  September  1971  the  Department  of  Com- 
merce announced  a  proposed  standard  for  the 
flammability  of  mattresses.  The  standard  re- 
quires the  use  of  three  lighted  cigarettes  placed 
at  designated  points  on  both  bare  mattresses  and 
mattresses  covered  by  two  sheets.  The  selection 
of  the  cigarette  test  is  based  upon  the  conclu- 
sions by  the  Bureau  of  Standards  that  cigarettes 
Eire  the  prime  source  of  ignition  in  bedding  fires. 

Current  research  efforts  at  the  Southem 
Regional  Research  Laboratory  (SRRL)  consider 
two  major  approaches  to  minimize  the  potential 


for  the  ignition  of  mattresses  by  cigarettes. 
These  are:  (1)  Backcoating  of  the  ticking  with  a 
polymer;  (2)  treatment  of  the  cotton  batting 
filler  to  make  it  flame  and  smolder  resistant.  The 
approaches  are  predicated  upon  the  finding  that 
smoldering  combustion  rather  than  flaming  com- 
bustion ensues  when  cigarettes  are  used  as  the 
ignition  source  for  mattresses. 

The  backcoating  technique  is  designed  as  a 
means  of  preventing  the  cotton  batting  from 
reaching  the  critical  temperature  of  about  400° 
C.  at  which  smoldering  combustion  is  induced; 
while  the  treatments  of  the  cotton  batting  are 


This  research  is  being  conducted  under  a  cooperative  agreement  with  the  National  Cotton  Batting  Institute,  Cotton 
Incorporated,  and  the  U.  S.  Department  of  Agriculture. 
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aimed  at  altering  the  mechanism  of  smoldering 
combustion. 

INTRODUCTION 

Before  considering  the  processes  occurring  in 
the  ignition  and  burning  of  cellulosic  materials 
and  the  mechanisms  by  which  these  processes 
can  be  prevented,  it  would  be  well  to  review  and 
define  some  pertinent  terms  used  throughout 
this  presentation.  Pyrolysis  is  defined  as  the 
chemical  decomposition  of  a  material  by  the 
action  of  heat.  Thermal  degradation  is  often 
used  synonymously  with  pyrolysis.  Combustion 
is  defined  as  the  process  of  uniting  a  material 
chemically  vdth  oxygen  at  such  a  rapid  rate  as  to 
produce  heat  and  light.  When  the  material 
undergoing  combustion  is  gaseous  in  nature,  the 
resulting  heat  and  light  generated  are  often 
manifest  in  the  physical  and  visual  phenomenon 
of  flaming.  When  the  combustion  reaction  oc- 
curs in  a  solid  material,  the  physical  phenome- 
non observed  is  referred  to  as  glowing.  Glowing 
combustion  proceeds  at  a  much  slower  rate  than 
flaming  combustion.  Absence  of  either  flaming 
or  glovidng  does  not  mean  that  oxidation  is  not 
occurring,  but  that  its  rate  is  sufficiently  slow, 
that  no  visible  light  is  emitted.  With  this  in  mind 
it  should  also  be  noted  that  flames  are  some- 


times observed  in  the  burning  of  solid  fuels.  In 
this  case  flaming  is  evidence  of  rapid  oxidation 
of  the  volatile  gaseous  products  distilled  from 
the  solid  fuels  upon  heating. 

A  cellulosic  material  wall  usually  undergo 
flaming  combustion  when  ignited  by  an  open 
flame.  Once  a  part  of  the  material  is  consumed 
by  the  flaming  reaction,  the  charred  residue 
remaining  often  will  continue  to  react  through  a 
solid-state  glowing  oxidation.  Although  "flam- 
ing" and  "glowing"  often  appear  to  occur 
simultaneously,  the  two  phenomena  involve  very 
different  oxidation  reactions. 

Many  cellulosic  materials  undergo  smolder- 
ing combustion.  Smoldering  is  defined  as  burn- 
ing and  smoking  or  wasting  away  by  a  slow  and 
suppressed  combustion  without  flame.  Within 
the  realm  of  this  definition  both  gaseous  and 
solid-state  oxidation  may  occur.  The  "glowing" 
phenomenon  is  not  excluded  by  this  definition. 

Thermal  energy  balance.  —  Several  criteria 
related  to  ignition  source,  rate  of  heating, 
surface  temperature,  reaction  rate  and  heat 
transfer  environment  must  be  satisfied  before 
combustion  can  be  achieved  or  sustained.  Figure 
1  illustrates  a  thermal  energy  balance  for  use  in 
this  discussion. 
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Figure  1.    Thermal  energy  balance 


The  rate  of  energy  transfer  into  the  system  is 
determined  by  the  ignition  source,  heat  transfer 
environment,  and  the  thermal  properties  of  the 


material.  Heat  can  be  transferred  to  and  through 
the  material  via  conduction,  convection,  and 
radiation.    The  accumulation  term  reflects  the 
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increase  of  thermal  energy  in  the  cellulosic 
material  and  relates  the  temperature,  density, 
and  heat  capacity.  As  the  temperature  increases, 
the  material  produces  energy  through  an  exo- 
thermic combustion  reaction.  Higher  tempera- 
tures, in  turn,  increase  the  rate  of  energy 
production.  The  rate  of  heat  loss  through  and 
from  the  system  is  affected  by  conductive, 
convective,  and  radiative  properties  of  both  the 
material  and  the  environment. 

Obviously  if  the  rate  of  heat  loss  from  the 
system  is  small  relative  to  the  rate  of  energy 
input  from  the  course,  the  system  temperature 
will  increase.  Energy  will  be  produced  from  the 
exothermic  reaction  at  a  faster  rate  and  con- 
tribute to  a  further  increase  in  temperature.  A 
condition  could  be  reached  in  which  the  com- 
bustion reaction  could  sustain  itself  even  if  the 
source  of  ignition  were  removed.  Under  these 
circumstances  combustion  would  continue  until 
either  the  fuel  supply  was  exhausted  or  until  a 
large  increase  in  energy  transfer  from  the  system 
occiurred.  Self-sustained  combustion  is  a  normal 
occurrence  in  the  burning  of  cellulosic  materials. 

In  vertical  flame  testing,  a  high  rate  of 
energy  input  is  sustained  over  a  relatively  short, 
period  of  time.  When  testing  an  untreated 
cotton  fabric,  the  material  will  accumulate 
energy  and  increase  in  temperature,  with  a 
simultaneous  increase  in  the  production  of 
energy  resulting  from  the  exothermic  oxidation 
of  gaseous  and  solid  pyrolsis  products.  Flaming 
will  undoubtedly  occur.  Self-sustained  combus- 
tion will  usually  continue  after  the  source  of 
heat  is  removed.  The  addition  of  a  suitable  flame 
retardant  does  not  alter  the  rate  of  energy 
transfer  to  or  from  the  tested  fabric,  nor  does  it 
appreciably  affect  its  physical  properties.  Its 
effectiveness  is  measured  primarily  by  its  action 
on  the  pyrolysis  mechanism  resulting  in  reduced 
rates  of  the  exothermic  combustion  reactions. 

When  vertical  flame  testing  a  batting  sample, 
a  considerably  different  process  is  apparent.  The 
high  rate  of  heating  over  a  relatively  short  time 
does  not  appreciably  heat  the  batting  structure, 
primarily  due  to  its  good  insulative  properties. 
Its  thermal  response  is  slow,  thus  short  heating 
periods  only  heat  the  outer  webs  of  the  batt. 
Nevertheless,  untreated  cotton  batting  wall  bum 
vigorou-sly  when  vertically  tested.  The  addition 
of  a  flame  retardant  alters  the  reaction  mech- 
anism to  produce  less  energy,  and  the  batting 
structure  easily  passes  a  vertical  flame  test.  It 
should  be  noted  that  consistently  lower  add-ons 
of  flame  retardants  are  sufficient  for  the  batting 
to  pass  a  vertical  flame  test  than  are  required  for 
a  fabric.  This  is  a  result  of  (1)  the  heated  area  of 
the  batt  is  located  primarily  along  the  outer 
webs  where  heat  transfer  to  the  environment  is 


large  due  to  high  porosity  and  convective  cur- 
rents; and  (2)  the  apparent  density  of  the 
batting  is  low  relative  to  that  of  a  fabric,  and 
thus  the  energy  produced  per  unit  volume  by 
the  reaction  is  not  as  concentrated  as  in  a  fabric. 

Now  let  us  examine  what  transpires  if  the 
environment  is  altered  to  change  the  rate  of 
energy  removal  from  the  cellulosic  material. 
Consider  the  effect  of  heating  a  batting  structure 
at  a  point  internal  to  the  webs.  The  good 
insulative  properties  of  the  batt  inhibits  the  loss 
of  heat  from  the  structure;  its  temperature 
increases;  exothermic  combustion  ensues;  the 
combustion  reaction  contributes  to  even  further 
increase  in  temperature;  ultimately  the  material 
undergoes  self-sustained  smoldering  combustion. 
Where  such  conditions  exist  products  that  easily 
pass  the  vertical  flame  test  c£in  be  consumed  by 
smoldering  combustion.  Figure  2  confirms  that  a 
piece  of  THPOH-treated  cotton  fabric,  which 
was  self-extinguishing  and  had  no  after  glow 
when  vertically  flame  tested,  could  be  com- 
pletely consumed  by  smoldering  combustion 
after  being  ignited  by  a  cigarette  between  two 
fiber  glass  batts.  These  findings  illustrate  the 
critical  nature  of  the  heat  transfer  environment. 

In  mattresses  containing  cotton  batting, 
combustion  is  usually  of  the  smoldering  type. 
When  subjected  to  a  slow  and  continuous  heat 
source,  such  as  a  cigarette,  the  insulative 
properties  play  a  significant  role  in  the  initia- 
tion and  sustainment  of  smoldering  combus- 
tion. In  order  to  study  cigarette  ignition  of 
smoldering  combustion,  a  batt  of  fiber  glass 
material  was  used  to  simulate  the  filling  in  a 
mattress  structure.  Eight  thermocouples  were 
placed  at  positions  as  shown  in  figure  3  to 
obtain  a  surface  temperature  profile  along  the 
length  of  a  burning  cigarette.  Figure  4  illustrates 
a  typical  profile.  Notice  that  the  temperature  at 
each  point  passes  through  a  maximum  and  that 
the  peaks  not  only  become  higher  but,  more 
significantly,  broader  as  the  burning  progresses. 
This  shows  that  a  given  temperature  will  be 
sustained  over  a  longer  period  of  time  toward 
the  end  of  the  burning  process.  Thus,  the 
exothermic  oxidation  reaction  that  follows  will 
have  more  time  to  raise  the  local  temperature 
above  the  critical  temperature  of  about  400°  C. 
(5),  at  which  smoldering  combustion  becomes 
self-sustaining.  The  profiles  also  explain  why  the 
mattress  ignitions  from  cigarette  testing  are 
usually  observed  to  occur  in  the  late  stages  of 
the  cigarette  burning  process.  The  same  effect 
was  apparent  when  filling  material  was  treated 
wdth  aluminum  trihydrate,  an  energy  absorbing 
compound.  The  length  of  the  cigarette  bum 
before  ignition  increased  wdth  increasing  add-on 
of  the  hydrate. 
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Figure  2.    THPOH  treated  fabric  consumed  by  smoldering  combustion 


THERMOCOUPLES 
TO    RECORDER 

Figure  3.    Thermocouple  location  for 
cigarette  temperature  profile 

Based  on  the  above  findings  two  alternatives 
for  preventing  cigarette  ignition  of  smoldering 
combustion  in  mattresses  appeared  promising: 

( 1 )  Treat  the  filling  materials  to  alter  the 
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Figure  4.    Typical  temperature  profile  for 
a  burning  cigarette 

mechanisms  of  both  pyrolysis  and 
exothermic  oxidation  of  the  pyrolysis 
products.  By  doing  so  the  rate  of 
thermal  energy  released  w^ould  be  suf- 
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ficiently  decreased  so  that  the  critical 
temperature  would  not  be  attained. 
(2)  Effect  a  shield  or  thermal  barrier  to 
prevent    the    heat    of    the    ignition 
source  from  raising  the  temperature 
of    the    filling    materials.    Doing   so 
would  inhibit  the  pyrolysis  and  sub- 
sequent exothermic  oxidation  suffi- 
ciently so  that  the  critical  tempera- 
ture is  not  reached. 
TREATING  THE  FILLING  MATERIALS 
DTA-TGA-DTG.  -  Differential  thermal  anal- 
ysis (DTA)  is  a  thermal  technique  in  which  the 
heat  effects  associated  with  physical  or  chemical 
changes  are  measured.  The  procedure  consists  of 
heating  the  sample  and  an  inert  reference  mate- 
rial at  a  programmed  rate  and  simultaneously 
observing  the  temperature  differential  between 
the  two  (6,8). 

Figure  5  demonstrates  the  thermal  effects  of 
heating  scoured  and  bleached  cotton  in  various 
atmospheres.  It  is  observed  that  only  endo- 
thermic  processes  occur  in  an  inert  nitrogen 
atmosphere.  These  energy  absorbing  processes 
result  from  the  thermal  degradation  of  cellulose 
and  the  distillation  of  the  volatile  products. 
When  heated  in  air,  an  entirely  different  thermo- 
gram results.  Two  exothermic  peaks  are  observed. 
The  first  exotherm  corresponds  to  the  oxidation 
of  the  volatile  pyrolysis  products.  If  the  fuel- 
oxygen  mixture  is  rich  enough,  flaming  will  occur. 
The  second  exotherm  results  from  the  oxidation 
of  the  carbonaceous  char.  If  this  reaction  occurs 
at  a  sufficiently  high  rate,  glovdng  is  observed. 
The  ignition  temperature  for  self-sustained  smol- 
dering combustion  in  scoured  and  bleached 
cotton  was  found  to  be  412°  C.  (5),  which  is  close 
to  the  onset  temperature  of  the  second  exotherm. 
Notice  the  effect  of  decreasing  oxygen  supply  on 
the  exothermic  behavior  during  heating.  In  a 
mixture  of  50  percent  air  and  50  percent  nitrogen, 
the  solid-state  reaction  appears  to  have  been 
hindered  to  a  greater  extent  than  the  oxidation  of 
the  volatile  pyrolysis  products.  This  is  to  be 
expected  since  there  is  a  more  favorable  reaction 
environment  in  the  vapor  regime  than  at  the  solid 
surface.  Exothermic  activity  is  evident  with  as  low 
as  1  percent  oxygen.  Thus  even  at  the  very  lowest 
oxygen  levels,  combustion  is  likely  to  be  self-sus- 
taining if  the  heat  losses  are  minimal. 

Another  important  technique  in  studying 
thermal  degradation  is  thermogravimetric  anal- 
ysis (TGA)  (2).  In  TGA  the  weight  of  the  sample 
is  continuously  monitored  as  it  is  heated  at  a 
programmed  rate.  The  resultant  weight  change 
vs.  temperature  plot  provides  information  on  the 
thermal  stability  and  composition  of  the  original 
sample,  intermediate  compounds  and  the 
residue. 
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Figure  5.    Thermograms  for  scoured  and  bleached 
cotton  in  various  atmospheres 

Figure  6  shows  the  TGA  curves  obtained 
from  the  heating  of  scoured  and  bleached 
untreated  cotton  in  two  different  atmospheres. 
In  both  cases  almost  90  percent  of  the  weight 
loss  occurs  in  a  relatively  small  temperature  span 
beginning  about  300°  C.  Differentiating  the  TGA 
curve  in  time,  and  plotting  the  derivative  as  a 
function  of  time  or  temperature,  results  in  the 
differential  thermogravimetric  curve  (DTG)  (1). 
In  DTG  a  series  of  peaks  are  obtained,  instead  of 
the  stepwise  curve,  in  which  the  areas  under  the 
peaks  are  proportional  to  the  total  weight 
change  of  the  sample.  Peaks  in  the  DTG  curve 
correspond  to  maximum  rates  of  weight  losses. 
In  an  inert  nitrogen  atmosphere  only  one  peak  is 
observed,  corresponding  to  the  large  weight  loss 
due  to  thermal  degradation.  This  was  seen  to  be 
an  endothermic  process  by  DTA.  In  a  50-50 
nitrogen-air  mixture,  two  peaks  are  observed. 
The  first  is  associated  with  the  weight  loss  due 
to  pyrolysis.  The  second,  which  might  have  gone 
unobserved  without  DTG,  is  associated  with  the 
solid-state  combustion  of  the  carbonaceous  char 
remaining  after  pyrolysis.  DTA  demonstrated 
both  of  these  reactions  to  be  exothermic  in  air. 
The  peak  temperature  of  the  second  reaction, 
556°  C,  corresponds  closely  with  that  observed 
in  the  DTA  of  carbon  black,  more  evidence  that 
the  reaction  is  the  oxidation  of  the  solid  char. 
Note  that  the  presence  of  oxygen  significantly 
increased  the  rate  of  the  first  reaction  by  1.25 
mg./min. 

Figure  7  illustrates  the  effect  of  different 
concentrations  of  phosphoric  acid  on  the  com- 
bustion of  scoured  and  bleached  cotton.  Phos- 
phoric acid  behaves  as  a  Lewis  acid  flame 
retardant.  As  the  concentration  is  increased  the 
onset  temperature  of  pyrolysis  decreases.  In- 
creasing the  add-on  from  1-  to  10-percent  lowers 
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the  peak  of  the  first  exotherm  43°  C. 
Concurrently  the  peak  of  the  second  exotherm 
is  raised  18°  C.  The  rate  of  energy  released  is 
decreased  in  both  the  first  and  second  exo- 
therms.  This  is  evidenced  by  a  broadening  of  the 
peaks  and  a  lowering  of  their  amplitudes.  Ex- 
amining the  TGA  and  DTG  curves  (figure  8)  for 
the  5-  and  10-percent  samples  confirm  the  effect 
of  increasing  add-on  upon  reaction  rate.  The 
weight  loss  associated  with  the  solid-state  oxida- 
tion is  shifted  higher  in  temperature.  Again  the 
peaks  are  broader  and  exhibit  decreased  ampli- 
tudes. The  rate  of  weight  loss  for  the  first  peak 
is  decreased  from  2.2  to  1.23  mg./min.  and  the 
second  peak  from  0.41  to  0.35  mg./min. 

TGA   IN  DYNAMIC  MIXED  GAS  ATMOSPHERE 
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Figure  6.    Thermogravimetric  curves  for  scoured  and 
bleached  cotton  in  different  atmospheres 

In  general,  phosphorus  containing  com- 
pounds inhibit  both  the  first  and  second  oxida- 
tion reactions  associated  with  combustion  of 
cellulosic  materials.  Their  value  for  hindering  the 
first  reaction  is  explained  as  an  influence  on  the 
pyrolysis  mechanism.  Little  is  known  about  the 
details  of  their  effectiveness  on  the  second 
reaction.  One  theory  is  that  the  polyacid  (a 
viscous,  sticky,  melt-type  substance)  formed  on 
decomposition  of  phosphorus  compounds  pro- 
vides a  physical  barrier  surrounding  the  com- 
busting fibers  (7).  Other  theory  envisions  a 
catalytic  altering  of  the  solid-phase  oxidation 
process  (7).  If  the  former  is  controlling,  then  the 
activity  which  contributes  to  the  formation  of  a 
barrier  must  effectively  occur  at  temperatures 
below  that  of  the  second  reaction.  If  the  latter 
controls,  it  would  be  active  during  the  solid-state 
oxidation. 
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Figure  7.    Effect  of  phosphoric  acid  concentration 
upon  the  shape  of  the  DTA  curves 

TGA  AND  DTG  IN  AIR  ATMOSPHERE 
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Figure  8.    Effect  of  5  and  10  percent  phosphoric  acid 
concentration  on  TGA  and  DTG  curves 

Phosphoric  acid,  urea-phosphate,  and 
THPC-amide  treatments.  —  Cotton  batting  raw- 
stock  treated  with  a  series  of  phosphoric  acid, 
urea-phosphate  and  THPC-amide  formulations 
was  evaluated  to  determine  the  add-on  necessary 
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to  provide  protection  against  cigarette  ignition. 
Each  of  these  systems  reacts  as  a  Lewis  acid 
being  capable  of  catalytic  activity  which  changes 
both  the  course  and  speed  of  the  combustion 
reaction  (10).  The  rawstock  was  immersed  and 
padded  to  about  100  percent  wet  pickup,  dried 
and  then  garnetted  into  batts  consisting  of  20 
webs.  The  batts  were  then  used  as  filling 
material  in  constructing  mini-mattresses  which 
were  in  turn  tested  for  ignition  along  the  taped 
edge  by  both  one  and  two  cigarettes  (figure  9). 
The  results  of  these  tests  are  presented  in  tables 
1,  2,  and  3.  The  letters  I  and  N  represent 
ignition  and  no-ignition,  respectively.  The  pro- 
posed mattress  standard  is  a  go-  no-go  test. 
Consequently,  it  is  unsuitable  for  rating  per- 
formance. For  research  products  where  level  of 
performance  needs  to  be  evaluated,  two  ciga- 
rettes side  by  side  have  been  used  to  determine 
how  much  the  performance  exceeds  the  mini- 
mum needed  to  pass  the  standard. 
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Figure  9.    Mini-mattress  Structure  for  cigarette  testing 


Table  1.    Cigarette  testing  mini-mattress  structure 


Phosphoric  acid 

Percent 

Single 

Double 

add-on        P  content 

N  content 

cigarette 

cigarette 

5.5             1.58  pet. 

_ 

I 

I 

9.5             2.36 

— 

I 

— 

15.3            3.49 

— 

I 

— 

21.4             4.10 

— 

N 

I 

27.0             6.56 

— 

N 

I 

39.9             9.20 

- 

N 

N 

For  the  phosphoric  acid  treatments,  4.1 
percent  phosphorus  was  required  to  pass  the 
single  cigarette  test  and  9.2  percent  was  needed 
for  the  two  cigarette  test.  In  both  cases  the  total 
add-on  was  unfeasibly  high  and  the  filling 
material  underwent  excessive  acid  degradation. 
In  the  urea-phosphate  treatments  less  phos- 
phorus was  required,  2.52  percent,  with  the 
assistance  of  8.36  percent  nitrogen.  The  total 
add-on  required  was  higher  than  for  phosphoric 
acid  and  considerable  degradation  still  occurred. 


The  THPC-amide  treated  batting  passed  the 
single  cigarette  test  with  as  little  as  1.59  percent 
P  and  5.27  percent  N.  Again  the  total  add-on 
was  unfeasibly  high,  and  excessive  degradation 
was  evident.  Even  with  as  high  as  54  percent 
total  add-on,  the  structure  continued  to  fail  the 
two  cigarette  test. 

Table  2.    Cigarette  testing  mini-matress  structure 


Urea  ph 
Percent 
add-on 

losphate 
P  content 

N  content 

Single 
cigarette 

Double 
cigarette 

3.83 
9.95 

0.66  pet. 
1.39 

2.48  pet. 
4.54 

I 

I 

- 

15.3 
22.8 

1.85 
1.90 

6.05 
7.41 

I 
I 

— 

29.5 

2.52 

8.36 

N 

I 

36.3 

2.63 

9.59 

N 

I 

Table 

3.    Cigarette  testing  mini 

■matress  structure 

TMPC 

-amide 

Percent 

Single 

Double 

add-on 

P  content 

N  content 

cigarette 

cigarette 

7.5 

21.5 

10.9 
20.0 
31.8 

0.71  pet. 

1.21 

1.59 

2.45  pet. 

3.80 

5.27 

I 
I 
N 

43.2 

1.77 

5.85 

N 

54.0 

2.21 

8.03 

N 

Differential  scanning  calorimetry  (DSC) 
showed  that  the  heat  of  the  first  reaction 
decreased  with  increased  phosphoric  acid  add-on 
and  increased  with  increased  urea-phosphate 
add-on.  Obviously  the  treatments  were  not 
providing  protection  solely  by  diluting  the  re- 
action to  decrease  the  net  amount  of  energy 
released.  It  is  hypothesized  that,  in  addition  to 
decreasing  the  reaction  rate  through  the  usual 
Lewds  acid  mechanism,  the  viscous  film  forming 
poly  phosphoric  acid  (or  phosphorus  polymer 
formed  on  heating)  was  available  at  the  higher 
add-ons  to  sufficiently  coat  the  fibers  and  thus 
drastically  inhibit  the  rate  of  both  the  first  and 
second  reactions.  This  effect  should  be  more 
evident  in  the  second  reaction  where  oxidation 
occurs  on  the  surface  of  the  charred  fibers  since 
a  coating  film  would  slow  down  or  prevent 
oxygen  chemisorption  into  the  reacting  layer  of 
the  carbonaceous  char. 

Coating  treatment  for  filling  materials.  — 
The  preceding  results  indicated  that  treating  the 
filling  materials  with  classical  flame  retardants  to 
prevent  cigarette  ignition  could  not  be  expected 
to    inhibit    smoldering    combustion.    The    film 
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hypothesis  appeared  promising  so  efforts  were 
concentrated  in  that  direction. 

Intumescing  agents  produce  a  nonflammable 
multicellular  insulative  barrier  when  exposed  to 
heat.  By  treating  the  filling  materials  with  an 
intumescent,  heat  and  mass  transfer  might  be 
sufficiently  inhibited  to  provide  protection  from 
cigarette  ignition.  The  particular  formulation 
used  in  these  studies  included  a  film  forming 
latex  to  bind  the  water  insoluble  ingredients  to 
the  cellulose  and  had  to  be  applied  via  the 
Cotton  Flote  Spray  equipment  (3,  4).  As  little  as 
10-percent  add-on  was  needed  to  pass  a  single 
cigarette  test,  13.5  percent  passed  the  two  sheet 
test  (11),  and  32.5  percent  passed  a  two 
cigarette  test  (table  4). 

Table  4.    Cigarette  testing  mini-mattress  structure 

Percent         Single  Double 

add-on        cigarette       Two  sheet      cigarette 

Intumescing  agent 


TGA    AND  DIG   IN  AIR   ATMOSPHERE 
Intumescing  Agent  on  Cotton 


10.0 

N 

I 

I 

13.5 

N 

N 

I 

27.7 

N 

N 

I 

32.5 

N 

— 

N 

36.6 

N 

- 

N 

Borax: boric  acid 

7:3 

4.5 

N 

I 

I 

11.8 

N 

— 

N 

16.2 

N 

- 

N 

Borax/boric  acid  mixtures,  although  by  defi- 
nition are  not  intumescent,  are  known  to  swell 
into  a  frothy  mass  on  heating,  lose  the  waters  of 
crystallization,  and  fuse  into  a  clear  melt.  As 
little  as  4.5  percent  total  add-on  of  borax/boric 
acid  passed  the  single  cigarette  test.  Only  11.8 
percent  was  required  for  two  cigarettes.  There  is 
no  doubt  that  both  of  these  two  systems 
provided  considerably  more  protection  against 
cigarette  ignition  than  any  of  the  Lewis  acid 
flame  retardant  treatments  used. 

Examining  the  TGA-DTG  curves  (fig.  10)  for 
cotton  batting  treated  with  the  intumescing 
agent  shows  that  the  onset  temperature  of 
pjrrolysis  is  not  lowered  as  when  treated  with 
Lewis  acid  flame  retardants.  The  rate  of  the  first 
reaction  decreases  from  1.52  to  0.92  mg./min. 
with  increasing  add-on  from  13.5  to  32.5  per- 
cent. The  maximum  rate  of  weight  loss  occurs 
about  315°  C.  in  each  case.  The  rate  of  the  sec- 
ond reaction  decreases  from  0.24  to  0.16  mg./ 
min.  Its  maximum  rate  occurs  at  about  500°  C. 
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Figure  10.    Effect  of  different  concentrations  of 

intumescent  agent  on  the  TGA  and  DTG  curves 

of  cotton  batting 

The  TGA-DTG  curves  for  the  borax/boric 
acid  treatments  (fig.  11)  demonstrate  why  these 
treatments  are  so  effective.  The  first  and  second 
reactions  are  significantly  reduced  by  as  little  as 
4.5  percent  add-on.  The  maximum  rate  of  the  first 
reaction  decreases  from  0.98  to  0.78  mg./min.  as 
the  add-on  increases  from  4.5  to  16.2  percent. 
The  maximum  rate  of  the  second  reaction 
decreases  from  0.26  to  0.12  mg./min.  Of  con- 
siderable importance  is  that  the  maximum  rate 
of  pyrolysis  occujs  at  343°  C,  28°  C.  higher  than 
for  the  intumescent  treatment.  There  appears  to 
be  some  increasing  activity  occurring  about  600° 
C.  DTA  shows  this  to  be  exothermic,  however,  it 
occurs  at  a  temperature  too  high  to  affect 
cigarette  ignition. 

In  figure  12  TGA-DTG  curves  for  phos- 
phoric-acid, intumescent  and  borax/boric  acid 
systems  are  compared.  Three  treatments  of 
approximately  the  same  add-on  where  chosen. 
The  curves  are  consistent  with  results  obtained 
from  cigarette  testing  mini-mattress  structures 
which  ranked  the  effectiveness  of  three  systems. 
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It  is  obvious  that  the  borax/boric  acid  system  is 
most  effective  in  reducing  the  reaction  rates  of 
the  first  and  second  reactions.  It  is  also  apparent 
that  the  temperature  of  maximum  reaction  rate 
is  important.  The  instrument  system  is  more 
effective  than  phosphoric  acid  primarily  because 
the  rate  of  the  first  reaction  peaks  about  50°  C. 
higher.  In  the  borax/boric  acid  treatment  not 
only  are  the  rates  minimized  but  the  first 
reaction  peaks  at  343°  C,  28°  C.  higher  than  the 
intumescent  treatment  and  78°  C.  higher  than 
the  phosphoric  acid  treatment. 

r  TGA   AND  DTG  IN   AIR   ATMOSPHERE 

Borax  :  Boric  Acid  Treatments 


TGA    AND  DTG   IN   AIR  ATMOSPHERE 
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Figure  1 1 .    Effect  of  different  concentrations  of 

borax-boric  acid  on  the  TGA  and  DTG  curves 

of  cotton  batting 

While  the  borax/boric  acid  and  intumescent 
treatments  used  in  this  work  are  not  necessarily 
the  optimum  systems,  they  do  indicate  which 
types  should  be  investigated.  That  is,  those  that 
decrease  the  rates  of  the  two  combustion 
reactions  without  lowering  the  pyrolysis 
temperature. 

THERMAL  BARRIER  APPROACH 

The  use  of  thermal  shield  or  beirrier  can  be 
effective  in  inhibiting  the  heat  of  the  ignition 
source  from  raising  the  temperature  of  the  filling 
materials.  As  long  as  the  filling  temperature  is 
prevented  from  reaching  the  critical  temperature 
of  about  400°  C,  self-sustained  smoldering 
combustion  should  not  occur. 
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Figure  12.    Comparison  of  TGA  and  DTG  curves 

for  cotton  batting  treated  with  phosphoric  acid, 

borax-boric  acid,  and  intumescing  agent 

Backcoating  the  ticking.  —  Another  ap- 
proach for  preventing  heat  transfer  to  the  filling 
material  is  polymer  backcoating  the  mattress 
ticking.  Some  backcoating  is  presently  being 
done  commercially  as  a  means  of  maintaining 
the  ticking  weight  at  lowered  cost.  This  tech- 
nique, therefore,  should  not  require  major 
changes  in  ticking  manufacturing  processes  or 
mattress  construction.  For  a  backcoating  to  be 
effective  it  must  act  as  a  heat  sink.  It  can  do  so 
by  increasing  the  effective  heat  capacity  of  the 
ticking,  absorb  energy  by  endothermic  melting 
and  degradation,  or  it  can  operate  by  increasing 
the  effective  thermal  conductivity  of  the  ticking. 

Eight  different  polymer  systems  have  been 
evaluated  for  their  effectiveness  as  backcoating 
agents  for  mattress  tickings.  Each  was  subjected 
to  single  and  double  cigarette  testing  in  the 
mini-mattress  configuration.  Although  these  par- 
ticular tests  are  of  the  go,  no-go  type,  the  eight 
systems  tested  could  be  classified  into  three 
broad  categories  as  shown  in  table  5.  The  ratings 
are  based  on  the  add-on  required  for  preventing 
cigarette  ignition. 
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Table  5.    Cigarette  testing  mini-mattress  structure 


Performance  Polymer  backcoating 


Percent  add-on  required 
Single  Double 


Good 

Polyvinyl  Acrylate 

7.9 

7.9 

Styrene-butadiene 

7.1 

17.4 

Fair 

Phosphorylated  vinyl  chloride 

9.6 

26.5 

Ethylene-polyvinyl  chloride 

9.9 

22.0 

Polyvinyl  acetate-acrylate-maieate 

11.5 

18.1 

Poor 

Polyvinyl  acetate 

18.1 

18.1 

Polyurethane 

18.4 

■        29.6 

Polystyrene 

)17.4 

>17.4 

Polyvinyl-acrylate  and  styrene-butadiene 
rated  as  the  best  evaluated  while  polyvinyl 
acetate,  polyurethane  and  polystyrene  were 
poor.  The  add-on  levels  required  for  the  better 
systems  do  not  present  any  process  difficulties. 

Properly  selected  additives  used  as  fillers 
might  permit  a  reduction  in  the  polymer  add-on 
required.  To  evaluate  this  premise  aluminum- 
trihydrate,  which  is  capable  of  absorbing  ap- 
proximately 240  calories  per  gram,  was  added  to 
the  treating  formulations.  No  measurable  protec- 
tion against  cigarette  ignition  was  found.  On  the 
other  hand,  the  addition  of  1  to  2  percent 
aluminum  pigment  contributed  some  protection 
in  addition  to  that  observed  for  the  polymer 
alone.  WhUe  no  quantitative  measures  of  thermal 
conductivity  have  been  made,  literature  data 
indicate  that  the  polymer  film  is  providing  the 
major  part  of  thermal  conductivity  and  that 
small  additions  of  metallic  powders  do  not 
appreciably  increase  the  polymer's  thermal  con- 
ductivity (9).  It  is  probable  that  the  value  of  the 
aluminum  powder  filler  results  from  an  increase 
in  the  effective  heat  capacity  of  the  ticking  as 
well  as  from  reflective  properties. 

All  of  these  systems  are  presently  under- 
going further  evaluation  with  the  temperature 
profile  equipment  described  in  figujre  3  in  an 
attempt  to  determine  a  more  quantitative  repre- 
sentation of  their  value  as  backcoating  agents. 
CONCLUSIONS 

To  date  this  research  has  indicated  that  the 
classical  approach  to  flame  retardance  via  a 
Lewis-acid  mechanism  is  not  well  suited  for  the 
prevention  of  smoldering  combustion  in  mat- 
tress filling  materials.  While  such  treatments 
decrease  the  rate  of  combustion,  they  also 
undesirably  lower  the  pyrolysis  temperature  and 
provide  more  fuel  for  the  smoldering  reaction. 
Intumescent  and  borax/boric  acid  systems,  on 
the  other  hand,  have  proved  to  be  effective. 
Both  of  these  systems  have  superior  coating 
properties  which  contribute  to  an  inhibition  of 
heat  and  mass  transfer  to  the  fibers.  Thus,  the 


combustion  reaction  rates  are  significantly  de- 
creased without  corresponding  large  decreases  in 
pyrolysis  temperature. 

Another  promising  approach  is  polymer 
backcoating  the  mattress  ticking.  Eight  different 
polymer  systems  have  been  evaluated.  Polyvinyl 
acrylate  and  styrene  butadiene  rated  as  the  best 
tested.  While  most  of  the  available  protection 
can  be  attributed  to  the  polymer,  as  little  as  1  to 
2  percent  aluminum  pigment  contributed  some 
additional  protection. 
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Variables  inherent  in  gaseous  ammoniation 
of  cotton  impregnated  with  aqueous  THPOH 
solutions  were  studied  for  both  static  and 
dynamic  fabric  substrates.  Variables  studied 
include  ammonia  gas  flow  rates,  fabric  and 
chamber  temperatures,  duration  of  ammonia- 
tion, fabric  speed  and  time  required  for  insolu- 
bilization  of  the  flame  retardant. 

From  information  gained  in  the  study  of 
ammoniation  veiriables,  an  apparatus  for  rapid 
and  uniform  delivery  of  ammonia  gas  to  THPOH 
impregnated  fabric  on  a  continuous  basis  was 
designed,  constructed,  and  evaluated  as  a  stage 
of  a  continuous  process  for  flame -retarding 
cotton. 

INTRODUCTION 

The  value  of  tetrakis(hydroxymethyl)phos- 
phonium  chloride  (THPC),  as  a  flame  retardant 
for  cotton  textiles  was  first  recognized  in  a 
study  of  the  physical  and  chemical  properties  of 
aminized  cotton^ .  Cotton  containing  0.6  to  7 
percent  amino  nitrogen  and  1  percent  phos- 
phorus from  THPC  was  shown  to  resist  combus- 
tion, even  after  2.5  hour  boil  in  an  aqueous 
solution  containing  soap  and  sodium  carbonate. 
The  principals  established  in  this  research  lay  the 
foundation  for  development  of  a  number  of 
flame -retardant  treatments  for  cotton,  culminat- 
ing in  the  THPOH-NH3  process  of  Beninate, 
Boylston,  Drake,  and  Reeves 2. 

The  technique  involved  in  applying  the 
THPOH-NH3  flame  retardant  to  textiles  involves 
simply  impregnation  of  the  fabric  with  aqueous 
THPC  neutralized  to  a  pH  of  7.0  to  7.5, 
predrying  to  10-  to  20-percent  moisture,  ex- 
posure of  the  textile  to  ammonia  gas  and 
subsequently  washing  and  drying  the  treated 
material.  Recently  post-treatments  of  flame  re- 
tardants  derived  from  THPC  with  oxidizing 
chemicals   have   provided  benefits  above  those 


gained  from  the  original  treatment  of  the 
goods^''*.  Such  improvements  include  greater 
initial  flame  retardancy,  elimination  of  un- 
pleasant odors  in  the  finished  goods,  and  restora- 
tion of  original  fabric  whiteness. 

RESULTS  AND  DISCUSSION 

The  improvements  gained  for  the  THPOH- 
NH3  flame  retardant  through  addition  of  an 
oxidation  step  to  the  process  suggest  that  other 
areas  for  improvement  may  also  exist.  A  study 
was  thus  undertaken  to  determine  the  source, 
magnitude,  and  effects  of  variables  in  the  finish- 
ing process.  Primary  emphasis  in  this  study  is 
given  to  the  stage  of  the  process  involving 
fixation  of  THPOH  within  the  cellulose  sub- 
strate through  treatment  with  gaseous  ammonia. 
Other  process  stages  are  considered  on  a  "help 
or  hinderance"  basis,  in  terms  of  both  their 
individual  merit  and  their  effect  on  the  am- 
moniation stage. 

Ammoniation  of  static  fabric  substrates.  — 
In  an  effort  to  alleviate  some  of  the  problems 
inherent  with  diffusion  controlled  ammoniation, 
a  bench-scale  chamber  was  designed  and  con- 
structed to  effect  forced  ammoniation  of  fabric 
samples.  With  this  technique  all  of  the  ammonia 
is  made  to  pass  through  the  fabric  sample,  thus 
effecting  fixation  of  the  THPOH  while  having 
full  control  of  the  ammonia  gas.  This  technique 
offered  possibilities  for  process  improvements 
such  as  improved  efficiency  in  terms  of  am- 
monia consumption,  control  of  process  odors, 
increased  production  rates  through  controlled 
transport  of  ammonia  to  the  fabric,  multiple 
fabric  treatment,  and  additional  advantages  re- 
lated to  economics  and  ecology. 

Forced  ammoniation  variables.  —  In  forced 
ammoniation  of  static  THPOH-impregnated  sub- 
strates, there  are  three  variables  of  immediate 
interest.  These  are  temperature  of  the  ammonia- 


iReeves,  W.  A.,  McMillan,  O.  J.,  Jr.,  and  Guthrie,  J.  D.  Textile  Res.  Jour.  23:  527.  1953. 

^Beninate,  J.  V.,  Boylston,  E.  K.,  Drake,  G.  L.,  Jr.,  and  Reeves,  W.  A.  U.  S.  Patent  No.  3,607,356  (September  21, 

1971). 
^Daigle,  D.  J.,  Reeves,  W.  A.,  and  Beninate,  J.  V.  Jour.  Fire  Flammability  1:  178.  1970. 
■^Hendrix,  J.  E.,  Beninate,  J.  P.,  Drake,  G.  L.,  Jr.,  and  Reeves,  W.  A.  The  value  of  post-oxidative  treatment  of  the 

THPOH-NH3  cure  flame  retardant.  To  be  published  in  Jour.  Appl.  Polymer  Sci. 
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tion  environment  and  fabric  substrate,  moisture 
content  of  the  substrate,  and  flow  rate  of  the 
ammonia  gas.  Each  of  these  variables  can  con- 
ceivably affect  the  quality  and  efficiency  of  the 
insolubilization  process. 

The  insolubilization  of  THPOH  with  am- 
monia is  a  net  exothermic  process,  with  heat 
being  produced  primarily  from  solvation  of 
ammonia  by  moisture  in  the  substrate  and  the 
condensation  polymerization,  respectively.  Dur- 
ing the  insolubilization  process,  heat  generated  is 
dispersed  through  convective  cooling  by  the 
dynamic  ammonia  gas  and  utilized  in  azeotrop- 
ing  water  from  the  substrate  with  ammonia. 
These  cooling  effects  result  in  a  rapid  decrease  in 
fabric  temperature  after  the  polymerization  be- 
gins to  subside.  Were  these  cooling  effects  not 
operative,  one  might  encounter  problems  relat- 
ing to  heat  buildup  during  the  insolubilization 
process.  As  long  as  fabric  temperatures  remain 
moderate  (i.e.  less  than  about  100°  C),  heat 
buildup  presents  no  particular  problems  to  the 
forced  ammoniation  process. 

In  the  diffusion  controlled  process  described 
by  Drake^,  the  fabric  is  dried  to  10-  to 
20-percent  moisture  content  before  exposure  to 
gaseous  NH3 .  Drying  stages  are  costly  in  terms 
of  process  economics,  however,  and  should  be 
utilized  only  when  they  are  absolutely  essential. 
Thus  effects  of  drying  to  reduced  moisture 
contents  before  ammoniation  of  THPOH  im- 
pregnated fabrics  was  investigated.  Results  of 
this  study  indicate  that  initial  flame  retardancy 
of  the  samples  is  slightly  greater  for  pre-dried 
samples  than  for  samples  ammoniated  in  the  wet 
state.  The  wet  ammoniated  samples  also  had  a 
much  better  hand  than  the  predried  samples. 
Furthermore,  if  the  substrate  is  overdried,  a 
drastic  reduction  in  flame  retardancy  occurs. 

Anhydrous  ammonia  is  a  relatively  inexpen- 
sive commodity,  approximately  $0.03  per  Ib.^, 
but  not  so  inexpensive  that  the  quantity  used 
can  be  ignored.  Wasted  ammonia  would  also 
present  ecological  problems.  Since  the  forced 
ammoniation  technique  requires  that  all  of  the 
ammonia  used  pass  through  the  fabric,  it  was 
reasoned  that  if  just  that  amount  of  ammonia 
necessary  for  efficient  insolubilization  of  the 
THPOH  be  brought  to  the  fabric  then  ammonia 
waste  would  be  minimized.  At  very  low  NH3 
flow  rates,  maximum  flame  retardancy  is  at- 
tained after  about  3  minutes  ammoniation  time, 
which  based  on  stoichemetry  of  the  reaction 
represents  about  a  two-fold  excess.  Taking  into 


consideration  the  large  amounts  of  water  re- 
tained by  the  substrate  and  the  ammonia  it 
retains  through  salvation,  near  to  theoretical 
consumption  begins  to  be  realized. 

Ammoniation  of  dynamic  substrate.  — 
Studies  to  this  point  indicated  forced  ammonia- 
tion to  be  a  potential  commercializable  tech- 
nique for  insolubilizing  THPC-based  flame  re- 
tardants  in  the  cellulose  substrate  matrix.  A 
semi-scale  module  for  ammoniating  fabric  on  a 
continuous  basis  was  thus  designed,  constructed, 
and  evaluated  at  "bench  top".  The  module 
allows  fabric  to  pass  through  the  ammoniation 
chamber  while  a  positive  pressure  of  ammonia 
gas  is  maintained  below  the  fabric  with  a  slight 
pressure  drop  across  the  fabric  resulting  from 
exhaustion  of  gases  from  the  upper  portion  of 
the  chamber.  This  design  forces  the  ammonia 
through  a  12-inch  length  of  the  fabric  while  at 
the  same  time  preventing  escape  of  byproduct 
and  unused  gases  into  the  laboratory.  The 
module  was  also  designed  such  that  it  might  be 
installed  as  a  separate  stage  in  semi-scale  finish- 
ing range  for  more  detailed  evaluation  later. 

Initial  evaluation  of  the  module  on  the 
"bench  top"  showed  that  fabric  can  be  effective- 
ly ammoniated  on  a  continuous  basis.  Ammonia 
flow  rates  as  low  as  1.0  l.p.m.  and  ammoniation 
times  of  3  seconds  were  demonstrated  to  be 
effective  for  half -width  cotton  sateen  (8.7 
oz./yd.2)  impregnated  with  40-percent  THPOH 
solution. 

In  order  to  demonstrate  the  use  of  forced 
ammoniation  for  insolubilization  of  THPOH 
within  textile  substrates,  regardless  of  weight  of 
construction,  cotton  print  cloth  (3.2  oz.),  cot- 
ton jersey  knit  (4.7  and  6.9  oz.),  cotton  flannel- 
ette (4.0  oz.)  and  a  nonwoven  rayon-polyester 
laminate  blanket  padded  through  40  percent 
aqueous  THPOH  and  squeezed  at  60  p.s.i.g.  were 
ammoniated  with  fabric  ammoniation  times  of 
10  seconds.  The  samples  were  then  oxidized 
with  0.5  percent  H2O2  for  10  minutes  at  room 
temperature,  rinsed,  and  dryed.  Evaluation  for 
flame  retardancy  using  the  oxygen  index  (OI) 
technique  indicated  that  successful  treatments 
were  attained  in  all  cases,  but  the  blanket 
treatment  was  not  fast  to  repeated  rinsing.  The 
forced  ammoniation  technique,  used  for  all  of 
these  samples,  made  possible  ammoniation  of 
the  knits  in  their  tubular  form,  rather  than 
splitting  the  knits  before  processing.  As  seen  in 
the  static  substrate  studies,  slightly  higher  degree 
of  flame  retardancy  is  obtained  for  lightweight 
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Seine,  PP.  721-733.  1969. 
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fabrics  when  they  were  predried  before  am- 
moniation,  but  the  hand  of  the  wet-ammoniated 
samples  was  superior  to  those  of  the  predried 
samples. 

Half -width  THPOH-NH^  flame  re  tar  dan  t 
process.  —  Forced  ammoniation  was  evaluated  as 
an  integral  stage  in  a  continuous  THPOH-NH3 
cure  process  using  the  Ernst-Benz  hgilf-width 
finishing  range.  The  process  consists  of  one-dip- 
one-nip  through  aqueous  THPOH,  forced  am- 
moniation with  the  experimental  ammoniation 
module,  one-dip-one-nip  through  aqueous 
H2O2,  three-bath  process  wash  by  using  water 
and  finally  drying  with  a  gas-fired  tenter.  For 
this  evaluation  the  pad  bath  was  comprised  of 
40  percent  THPOH  in  our  routine  formulation 
using  Triton  770  as  a  wetting  agent,  and  the 
fabric  was  squeezed  with  a  rubber  roll  pair.  The 
peroxide  oxidation  was  with  10  percent  aqueous 
H2O2  solution  stabilized  with  0.5  percent 
sodium  silicate.  Because  of  the  arrangement  of 
equipment,  it  was  necessary  to  break  the  process 
between  washing  and  drying.  In  cases  where  the 
rubber-stainless  roll  pair  was  used  to  apply  the 
THPOH,  the  fabric  was  padded  in  the  laboratory 
and  then  passed  through  a  dry  pad  in  the 
continuous  process. 

Pad  roll  pressure  was  found  to  contribute 
significantly  to  the  success  of  the  flame  retard- 
ant.  Increasing  roll  pressure  from  50  to  140 
p.s.i.g.  resulted  in  vastly  improved  flame  retard- 
ancy  in  the  finished  goods.  Resistance  to  loss  of 
flame  retardancy  during  laundering  increased  in 
the    same    order.   It   was   also   discovered   that 


comparable  results  to  those  obtained  at  140 
p.s.i.g.  using  the  two  rubber  roll  pair  could  be 
attained  at  60  p.s.i.g.,  if  a  rubber-stainless  steel 
roll  combination  is  used. 

The  efficiency  of  forced  ammoniation  of 
THPOH  impregnated  cotton  sateen  was  found  to 
decrease  with  increased  fabric  speed  over  the  2 
to  20  y.p.m.  range.  Corresponding  decreases  in 
resistance  to  loss  of  flame  retardancy  during 
laundering  were  also  observed.  It  is  felt  that  this 
sensitivity  to  fabric  speed  is  related  to  the 
padding  stage  of  the  process,  and  further  studies 
on  this  topic  are  in  progress. 

To  determine  the  value  of  post-oxidation  to 
the  THPOH-NH3  process,  a  run  was  made  in 
which  the  peroxide  was  not  added  until  half  of 
the  cloth  had  been  treated.  Results  of  this  run 
indicate  that  in  terms  of  fabric  flammability  the 
oxidized  fabric  is  superior.  As  the  unoxidized 
fabric  becomes  oxidized  during  laundering,  how- 
ever, the  advantage  gained  from  the  post-oxida- 
tion becomes  less. 

CONCLUSIONS 

Forced  ammoniation  represents  a  potentially 
commercializable  technique  for  chemically  fix- 
ing THPOH  flame  retardant  within  the  substrate 
matrix  of  cotton  fabric.  The  quantity  of  am- 
monia needed  for  forced  ammoniation  on  a 
continuous  basis  is  considerably  less  than  that 
required  in  diffusion  ammoniation.  Further- 
more, forced  ammoniation  represents  a  tech- 
nique which  may  be  adapted  to  a  continuous- 
feed,  pollution-free  gas  recycle  process. 
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Research  at  the  Southern  Regional  Research 
Laboratory  showed  that  tris(hydroxymethyl)- 
phosphine  (THP)  can  be  used  with  trimethyl- 
olmelamine  (TMM)  and  methylolurea  (MU)  to 
impart  durable  flame  resistance  to  cotton 
fabrics.  This  process  consisted  of  padding  cotton 
fabrics  through  an  aqueous  solution  containing 
1-1/2  MU,  TMM,  1  percent  mixed  catalyst 
(magnesium  chloride-citric  acid)  and  1  percent 
wetting  agent.  The  process  is  called  the  THP- 
amide  finish.  Cotton  sateen  fabric  padded  with 
28  percent  solids  solution  (exclusive  of  wetting 
agent    and    catalyst)    to    a   wet   pickup   of   90 


percent  and  printcloth  padded  with  32  percent 
solids  solutions  with  a  wet  pickup  of  90  to  100 
percent.  This  32  percent  solids  consisted  of  14.3 
percent  THP,  13.35  percent  1-1/2  MU  and  4.45 
percent  TMM.  The  treated  fabrics  passed  the 
AATCC  vertical  flame  test  after  50  laundering 
cycles.  The  treated  fabrics  also  had  good  hand 
and  appearance.  Losses  on  breaking  strength 
were  approximately  10  percent  and  tearing 
strength  losses  were  about  50  percent. 

The  effect  of  softeners,  Velvetol  O.E., 
Syl-Soft,  and  Triton  X-400,  were  studied  in 
conjunction     with     the     THP-amide    finish    to 
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improve  tear  strength  and  possibly  other  fabric 
properties.  Fabrics  treated  with  the  solution 
containing  the  Velvetol  O.  E.  passed  both  the 
AATCC  vertical  flame  test  (hereinafter  referred 
to  as  the  12-sec.  test)  and  the  Department  of 
Commerce  (DOCFF3-71)  vertical  flame  test 
which  requires  drying  of  the  fabric  (hereinafter 
referred  to  as  the  3-sec.  test)  initially  (before 
laundering  or  a  3-hour  soap-soda  boil).  Fabrics 
treated  with  similar  formulations  containing  the 
other  softeners  passed  the  12-sec.  test  after  a 
3-hour  soap-soda  boil  but  failed  the  3-sec.  test 
initially.  The  sample  treated  vdth  Velvetol  O.  E. 
retained  the  highest  tearing  strength  but  the 
improvement  in  flame  retardancy  and  tearing 
strength  over  a  similar  sample  treated  without  a 
softener  was  negligible.  There  was  no  real 
advantage  in  using  any  of  the  softeners. 

Flannel  was  treated  with  a  32  percent 
THP -amide  solution  containing  Velvetol  O.  E. 
and  such  catalysts  as  magnesium  chloride-hexa- 
hydrate-citric  acid  (mixed  catalyst)  phosphoric 
acid,  lactic  acid,  magnesium  chloride-glycolic 
acid,  zinc  chloride-glycolic  acid,  and  aluminum 
chlorhydrate.  Fabrics  treated  with  solutions 
containing  phosphoric  acid,  lactic  acid,  and  zinc 
chloride-glycolic  acid  as  catalysts  had  the  best 
overall  properties.  The  sample  treated  with  the 
solution    containing    Al(OH)5Cl    had    the   best 


hand  but  the  flame  retardancy  was  not  durable 
to  laundering. 

The  three  best  catalysts  mentioned  above 
were  mixed  with  Al(OH)5Cl  in  which  the 
percentage  of  each  catalyst  to  Al(OH)5Cl  was 
0.9  to  0.1  percent,  0.7  to  0.3  percent,  and  0.5  to 
0.5  percent.  The  total  solids  content  was  36 
percent.  Flannel  treated  with  a  THP-amide 
formulation  containing  0.9  percent  lactic  acid 
and  0.1  percent  Al(OH)5Cl  passed  the  12-sec. 
and  3-sec.  tests,  both  initially  and  after  a  3-hour 
soap-soda  boil.  The  stiffness  value  for  the 
treated  fabric  was  7.0  compared  with  4.0  for  the 
control  and  the  tearing  strength  retained  was 
approximately  50  percent. 

Larger  samples  were  padded  with  the  THP- 
amide  finish  at  the  36-  and  34-percent  solids 
level  containing  0.9  percent  lactic  acid  and  0.1 
percent  Al(OH)5Cl  as  the  catalyst.  Some  formu- 
lations also  contained  approximately  6.8  percent 
ethylene  glycol.  This  was  done  because  ethylene 
glycol  appears  to  be  a  stabilizing  agent  for  THP. 
These  samples  displayed  the  same  durable  flame 
resistance  as  the  smaller  samples  but  the  fabrics 
treated  with  solutions  containing  the  ethylene 
glycol  had  higher  stiffness  value  than  those 
containing  no  glycol  (20.2  to  4.5  and  62.0  to 
15.5). 
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Previous  work  at  the  Southern  Regional 
Research  Laboratory  has  shown  that  THPC 
reacts  with  cyanamide  and  urea.  These  finishes 
are  not  durable  to  boiling  alkali  solution.  We 
propose  to  show  that  by  adding  trimethylol- 
methylglycoluril  (TMMGU)  to  these  formula- 
tions and  in  particular  to  the  THPC-urea  dura- 
bility to  boiling  alkali  solution  and  to  repeated 
laundering  is  obtained.  The  new  formulation 
provides  wrinkle  resistance  in  addition  to  flame 
retardancy. 

TMMGU  is  prepared  by  adding  3  moles  of 
formaldehyde  to  1  mole  of  methylglycoluril 
suspended  in  water.  The  pH  is  adjusted  to  8  by 
adding  dibaisic  sodium  phosphate.  Within  an 
hour  a  cleair  solution  is  obtained.  This  solution 
contains  about  45  percent  TMMGU. 

In  studies  conducted  with  THPC-cyanamide, 
the    sodium    phosphate    salts    were    found    to 


improve  the  efficiency  of  the  reaction  and 
therefore,  the  durability  of  the  finish .  Therefore, 
monobasic,  dibasic  and  tribasic  sodium  phos- 
phate were  evaluated  as  catalysts  in  these  formu- 
lations. A  35-percent  total  solids  THPC-urea 
formulation  was  ased.  White  print  cloth  was 
padded  with  these  formulations  to  give  about  90 
percent  wet  pickup,  dried  at  85°  C.  and  cured  at 
160°  for  1  1/2  -  2  minutes.  Fabrics  treated  with 
the  dibasic  and  tribasic  salts  gave  about  the  same 
strength  retention,  60  percent  tearing  strength, 
and  115  percent  breaking  strength.  Use  of  the 
monobasic  phosphate  as  the  catalyst  produced 
fabric  with  the  lowest  strength  retention,  45- 
percent  tearing  strength  and  115  percent  break- 
ing strength.  The  fabrics  treated  with  the 
formulations  containing  the  dibasic  and  tribasic 
sodium  phosphate  as  catalysts  had  about  the 
saime  conditioned  wrinkle  recovery  angles  about 
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235°.  The  fabric  treated  with  the  formulation 
containing  monobasic  sodium  phosphate  as 
catalyst  had  about  a  200°  angle.  The  fabric 
treated  with  the  formulation  containing  the 
dibasic  sodium  phosphate  as  a  catalyst  had  the 
highest  wet  wrinkle  recovery  angle  (200°  W+F). 
All  of  the  samples  passed  the  vertical  flame  test 
(120  sec.  ignition)  after  50  laundry  cycles  and  a 
3-hour  soap  soda  boil  with  char  lengths  of  about 
2.5-3.0  inches. 

Various  mole  ratios  of  THPC  to  urea  were 
evaluated  in  formulations  containing  dibasic 
sodium  phosphate.  A  1:1  mole  ratio  of  THPC- 
urea  did  not  produce  the  highest  add-on  as 
compared  with  1:2  mole  ratio  of  THPC-urea  but 
only  the  samples  treated  with  the  1:1  mole  ratio 
passed  the  vertical  flame  test  after  a  3-hour  soap 
soda  boil  or  after  50-laundry  cycles.  Higher  mole 
ratios  of  THPC-urea  gave  lower  add-ons  and 
little  flame  resistance. 

The  effect  of  TMMGU  concentration  on  the 
efficiency  of  reaction  and  the  physical  properties 
of  the  treated  fabrics  was  examined.  A  minimum 
of  2  percent  TMMGU  was  found  to  be  necessary 
for  obtaining  a  durable  finish.  Higher  concentra- 
tions increased  the  efficiency  of  the  reaction  but 
as  the  concentration  approached  5  percent 
stiffness  was  imparted  to  treated  fabric.  After  a 
consideration  of  hand  of  the  treated  fabric  and 
efficiency  of  reaction,  a  3-percent  concentration 
of  TMMGU  in  the  pad  bath  is  recommended. 


Studies  were  made  on  a  pilot  plant  scale  to 
determine  the  optimum  drying  and  curing  con- 
ditions necessary  for  treating  print  cloth  and 
sateen.  These  fabrics  were  padded  through  a 
38-percent  total  solid  solution  containing  26.6 
percent  THPC,  8.4  percent  cyanamide  (1:1  mole 
ratio),  3  percent  TMMGU  and  3%  Na2HP04. 
The  print  cloth  was  dried  at  85°  C.  in  a  roller 
dryer  and  cured  at  160°  for  1  1/2  minutes  in  a 
roller  box.  After  process  washing,  the  fabric  had 
an  18  percent  add-on.  The  treated  fabric  passed 
the  vertical  flame  test  after  a  3-hour  soap  soda 
boil  and  50-laundry  cycles  with  a  3.0-3.2  inch 
char  length.  Fabrics  cured  at  160°  for  1  minute 
passed  the  vertical  flame  test  after  40  laundry 
cycles  failed  the  test  after  50  laundry  cycles. 

Sateen  was  padded  with  the  same  solution  as 
above  but  dried  and  cured  on  a  tenter  frame. 
Samples  dried  at  85°  C.  for  2  minutes  and  cured 
at  170°  for  1  minute  passed  the  vertical  flame 
test  after  50  laundry  cycles. 

The  hand  of  these  fabrics  were  very  good. 
The  fabrics  were  white  after  treatment  and  did 
not  yellow  when  subjected  to  chlorine  bleach- 
ing. The  treated  fabrics  retained  about  115  and 
60  percent  of  their  breaking  and  tearing  strength 
(a  softener  was  not  included  in  the  formulation). 
The  conditioned  and  wet  wrinkle  recovery  angle 
was  235°  to  240°  and  220°  (W+F),  respectively, 
for  the  treated  fabrics. 


INFLUENCE  OF  ION  DEPOSITION,  WATER  HARDNESS,  AND 
DETERGENTS  ON  FLAME  RETARD  ANTS 


by 


Ralph  J.  Brysson,  Albert  M.  Walker,  and  Laurence  W.  Mazzeno,  Jr. 

Southern  Marketing  and  Nutrition  Research  Division 

New  Orleans,  La. 

(Presented  by  Ralph  J.  Brysson) 


Flame  retardant  garment  fabrics  and  particu- 
larly those  used  in  children's  sleepwear  must 
remain  effectively  flame  retardant  after  repeated 
home  launderings.  Previous  studies  have  shown 
that  the  cleansing  agent  (soap  or  detergent)  used 
and  the  composition  of  the  wash  water  can 
influence  the  durability  of  certain  flame  retard- 
ants.  This  study  was  undertaken  to  more  fully 
investigate  the  effects  of  the  variables  associated 
with  home  laundering. 

Each  test  consisted  of  50  home  laundry  and 
tumble  dry  cycles.  Commercial-  and  laboratory- 
prepared  flame  retardant  cotton  fabrics  and 
synthetic  fabrics  were  included.  Four  different 
cleaning  agents  (2  phosphate,  2  nonphosphate) 
and  several  variations  in  laundering  techniques 


were  used. 

The  use  of  nonphosphate  detergents  (one 
commercial  and  one  experimental),  in  most 
instances,  resulted  in  a  loss  of  flame  retardancy 
before  the  last  wash  cycle. 

All  detergents  caused  a  buildup  of  insoluble 
calcium  and  magnesium  salts  in  the  test  fabrics. 
The  amount  of  this  buildup  is  dependent  on  a 
number  of  factors.  Carbonate  based  detergents 
(nonphosphate)  gave  a  greater  disposition  of  the 
insoluble  salts  that  did  phosphate  based  deter- 
gents. The  type  of  flame  retardant  used  in- 
fluences this  buildup.  Cotton  fabric  treated  vdth 
finishes  containing  amide  type  cellulose  reactive 
resins  retained  less  calcium  and  magnesium  than 
nonamide  retardants.  The  amount  of  ion  deposi- 
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tion  is  progressive  wdth  the  number  of  wash  cycles 
until  an  apparent  "plateau"  is  reached.  It  is 
hypothesized  that  the  ion  deposition  is  cumula- 
tive until  a  level  is  reached  where  the  deposition 
and  loss  due  to  washing  are  equal.  This  level 
depends  on  the  detergent,  the  water  hardness,  the 
flame  retardant,  and  possible  fabric  construction. 

The  addition  of  one  cup  (8  oz.)  of  common 
white  vinegar  (5  percent  acetic  acid)  to  the  first 
rinse  cycle,  reduces  the  rate  of  calcium  and 
magnesium  buildup  and  in  some  instances  in- 
creases the  laundry  durability  of  the  flame 
retardant  cotton  fabrics. 

Considerably  more  calcium  and  magnesium 
was  retained  by  an  untreated,  fairly  loose  woven, 
cotton  flannelette  than  was  retained  by  an 
untreated  barber  cloth  hand  towel.  Similar 
flannelette  treated  with  a  flame  retardant  re- 
tained less  calcium  and  magnesium  than  did  the 
untreated  fabric. 

The  concentration  of  calcium  and  magne- 
sium ions  (water  hardness)  influences,  to  a 
degree,  the  amount  of  ion  deposition.  The  initial 
washings  were  done  by  using  New  Orleans  city 
water  with  hardness  of  about  100  p. p.m. 
(average  30  p. p.m.  Ca  and  7  p. p.m.  Mg.).  A 
home  laundry  system  that  used  only  deionized 
water  was  set  up.  The  ion  concentration  of  this 
water  was  controlled  by  the  addition  of  appro- 


priate amounts  of  calcium  and/or  magnesium 
acetate.  In  one  wash  set  using  approximately 
150  p.p.m.  calcium  and  35  p. p.m.  magnesium 
water,  roughly  equivalent  to  water  of  500  p.p.m. 
hardness  a  flame  retardant  cotton  fabric  that 
had  retained  retardancy  through  50-wash  cycles 
in  New  Orleans  water  did  not  pass  the  vertical 
flame  test  after  50  cycles. 

In  a  related  test,  seven  knit  fabrics  made  of 
synthetic  fibers  deemed  suitable  for  children's 
sleepwear  were  subjected  to  city  water  launder- 
ing and  testing  as  specified  in  the  children's 
sleepwear  standards  (DOC-FF-3-71).  A  sample 
of  woven  Nomex  was  included.  Five  of  the  knit 
fabrics  failed  to  pass  the  vertical  flame  test.  The 
Nomex  fabric  and  two  of  the  knit  samples 
retained  their  retardancy  after  the  specified  50 
washes.  In  another  test  using  "hard"  (150  p.p.m. 
Ca,  35  p.p.m.  Mg.)  water  a  new  durable  flame 
retardant  fabric  made  from  a  polyvinyl  alcohol- 
polyvinyl  chloride  fiber  (Kohjin)  failed  after  50 
wash  cycles. 

The  preliminary  studies  indicate  that  flame 
retardancy  durabiUty  determinations  are  in- 
fluenced by  almost  every  variable  in  the  test 
method.  A  fabric  can  pass  or  fail  depending  on 
the  cleansing  agent  used,  the  type  of  flame 
retardant,  the  composition  of  the  wash  water 
and  possibly  the  fabric  construction. 
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North,   Bernard   F.,  Sun  Chemical  Corp.,  P.O. 

Box  70,  Chester,  S.C.  29706 
Norwick,    Braham,    Beaunit    Corporation,    261 

Madison  Ave.,  New  York,  N.Y.  10016 

Ogilvy,   Virginia   S.,   USDA  Extension   Service, 

14th  &  Independence  Ave.  SW,  Washington, 

D.C. 20250 
Olsen,   Neva    F.,   School  of  Home  Economics, 

Louisiana  State  University,  Baton  Rouge  La. 

70803 

Patterson,  Charlton  B.,  Spartan  Mills,  P.O.  Box 

690,  Spartanburg,  S.C.  29301 
Payet,    George    L.,    Dept.    Textile    Chemistry, 

American  Laundry  Machinery,  5050  Section 

Rd.,  Norwood,  Ohio  45212 
Picard,  Henry,  Jr.,  P.O.  Box  7497,  Metairie,  La. 

70002 
Polevy,  John  H.,  Synthron,  Inc.,  171  Pawtucket 

Ave.,  Pawtucket,  R.I.  02864 
Politzer,  Alfred,  Nylonge  Corp.,  1294  W.  70th 

St.,  Cleveland,  Ohio  44102 
Poteat,  Johnny,  Spartan  Mills,  King  Fin.  Div., 

Statesboro,  Ga.  30458 
Prime,  George  E.,  Laurel  Products  Corp.,  2600 

E.  Tioga  St.,  Philadelphia,  Pa.  19134 

Quinn,  Frank  J.,  Hooker  Chemical  Corp.,  P.O. 
Box  344,  Niagara  Falls,  N.Y.  14302 

Randall,  John  J.,  Synthron,  Inc.,  P.O.  Box  307, 
Ashton,  R.I.  02864 

Rankin,  Ben  F.,  Saco-Lowell  Shops,  P.O.  Drawer 
2327,  Greenville,  S.C.  29602 

Ratcliffe,  Charles  B.,  Research  and  Develop- 
ment, Beacon  Manufacturing  Co.,  Swan- 
nanoa,  N.C.  28878 

Rawls,  H.  Ralph,  Gulf  South  Research  Institute, 
P.O.  Box  26500,  New  Orleans,  La.  70126 

Ray,  Harold  R.,  Bedding/Product  Safety,  Texas 
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Department    of   Health,    1100    West   49th, 

Austin,  Tex.  78756 
Rice,   Willard,   Prodesco,   Inc.,  700  Park  Ave., 

Perkasie,  Pa.  18944 
Richardson,  Byron  L.,  Reeves  Bros.,  P.O.  Box 

1531,  Spartanburg,  S.C.   29301 
Rizzo,  Frank  J.,  Textile  Research  &  Engineering 

Division,    U.S.   Army   Natick   Laboratories, 

Natick,  Mass.  01762 
Rogers,  Frank,  Salesman,  U.S.S.  Agrichemicals 

Division  of  U.S.  Steel,  Box  19436,  Houston, 

Tex. 77024 
Rogers,  R.  O.,  Program  Development,  ARS,  U.S. 

Department     of    Agriculture,    Washington, 

D.C. 20250 
Ross,    John    M.,    Cranston    Print    Works    Co., 

Worcester  Rd.,  Webster,  Mass.  01  570 
Roussel,  John  S.,  LSU  Agricultural  Experiment 

Station,  P.O.  Drawer  E,  University  Station, 

Baton  Rouge,  La.  70803 

St.  John,  Wayne  L.,  Packaged  Soap  &  Detergent 
Products  Development  Div.,  Products  Re- 
search Department,  The  Procter  &  Gamble 
Co.,  Ivorydale  Technical  Center,  Cincinnati, 
Ohio  45217 

Scheffler,  Bernard,  Research  and  Development, 
Rock  Hill  Printing  &  Finishing  Co.,  White 
Street,  Rock  Hill,  S.C.  29730 

Schlesinger,  Morton,  Textile  Information 
Sources,  1587  Third  Ave.,  New  York,  N.Y. 
10028 

Schongar,  L.  H.,  Hooker  Chemical,  P.O.  Box 
344,  Niagara  Falls,  N.Y.  14302 

Senba,  Akinori  Daiwa  Spinning  Co.,  106  82nd 
Ave.,  Kew  Gardens,  New  York,  N.Y.  11415 

Senti,  Frederic  R.,  Deputy  Administrator,  Mar- 
keting and  Nutrition  Research,  Agricultural 
Research  Service,  U.S.  Department  of  Agri- 
culture, Bldg.  A,  Room  309,  Washington, 
D.C. 20250 

Seward,  Kenneth  A.,  Greenwood  Mills,  Inc.,  Ill 
W.  40th  St.,  New  York,  N.Y.  1001 8 

Silkis,  Dan,  Centerchem  Products,  Inc.,  Empire 
State  Bldg.,  350  Fifth  Ave.,  Suite  6208,  New 
York,  N.Y.  10001 

Silvernale,  Carolyn,  Texas  Woman's  University 
Research  Institute,  P.O.  Box  23898,  T.W.U. 
Station,  Denton,  Tex.  76204 

Skau,  Evald  L.,  Southern  Marketing  and  Nutri- 
tion Research  Division,  6473  Memphis  St., 
New  Orleans,  La.  70124 

Sladen,  Sidney,  Consolidated  Bleaching  Co., 
8555  Tonnele  Ave.,  North  Bergen,  N.J. 
07047 

Smith,  Myrtle  L.,  North  Carohna  A&T  State 
University,  Department  of  Home  Eco- 
nomics, Greensboro,  N.C.  27411 

Smith,    Ray    E.,    Textile    Chemistry    Section, 


Southern  Research  Institute,  2000  9th  Ave. 

S.,  Birmingham,  Ala.  35205 
Smith,  Richard  L.,  Jr.,  Southern  Sizing  Co.,  P.O. 

Box  90987,  East  Point,  Ga.  30344 
Smyly,    John    T.,    Daily    News    Record,    1006 

Carnegie    Bldg.,    133    Carnegie    Way    NW, 

Atlanta,  Ga.  30303 
Steinhauer,  Roger,  Textile  and  Detergent  Tech- 
nology, Armour-Dial,  Inc.,  3115  S.  Benson 

St.,  Chicago,  111.  60608 
Stensby,  Per  S.,  Technical  Development,  Ciba- 

Geigy,  Ardsley,  N.Y.  10502 
Stevens,  Catherine  V.,  J.  P.  Stevens  &  Co.,  Inc., 

Research  and  Development  Department,  141 

Lanza  Ave.,  Garfield,  N.J.  07026 
Stockhausen,    Dolf    G.    J.,    Chemische   Fabrik, 

Stockhausen  &  Cie.,  Wrefeld/W.  Germany, 

c/o  Verona  Div.,  Baychem,  Springfield  Rd., 

Union,  N.J.  07083 
Stowe,  Robert  A.,  Research  and  Development, 

The    William    Carter    Co.,    Bamesville,    Ga. 

30204 
Stradling,  John  H.,  Proctor  &  Schwartz  Inc.,  7th 

&  Tabor  Rd.,  Philadelphia  Pa.  19120 
Sulzberg,  Theodore,  Sun  Chemical  Corp.,  631 

Central  Ave.,  Carlstadt,  N.J.  07072 
Swamy,  L.  Krishna,  Chemical  Development,  The 

William  Carter  Co.,  Bamesville,  Ga.  30204 
Sykes,    Robert    C,    Textile    Chemicals,    Nalco 

Chemical,    313    Pimlico    Road,    Greenville, 

S.C.  29607 
Szubin,  Edward  D.,  Technical  Operations,  Jersey 

State    Chemical    Co.,    Division    of    Sybron 

Corp.,  59  Lee  Ave.,  Haledon,  N.J.  07508 

Tabor,   Theodore  E.,  The  Dow  Chemical  Co., 

Halogens   Research  Laboratory,  768  Bldg., 

Midland,  Mich.  48640 
Tauer,  E.  J.,  Kellwood  Co.,  Orchard  St.,  New 

Haven,  Mo.  63084 
Tomecek,    John    F.,    Veterans   Administration, 

Hines,  111.  60141 
Troope,  Walter  S.,  The  Sanforized  Co.,  Division 

of  Cluett,  Peabody   &  Co.,  433  River  St., 

Troy,  N.Y.  12180 
Tucker,  Charles  R.,  Hercules  Incorporated,  Box 

12145,  Research  Triangle  Park,  N.C.  27709 
Tunc,  Deger,  Johnson  &  Johnson,  501  George 

St.,  New  Brunswick,  N.J.  08903 
Turner,  John  D.,  Durable  Press  Research,  Cotton 

Incorporated,  3901   Barrett  Drive,  Raleigh, 

N.C.  27609 

Videen,  O.  R.,  Applied  Chemistry,  Conwed 
Corp.,  2200  Highcrest  Rd.,  St.  Paul,  Minn. 
55113 

Wagner,  George,  Hooker  Chemical  Corp.,  P.O. 
Box  344,  Niagara  Falls,  N.Y.  14302 
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Ward,   Albert   E.,   Research   and  Development, 

Springs  Mills,  Inc.,  R&D  Center,  Ft.  Mill, 

S.C.  29715 
Ward,  Harold,  FMC  Corp.,  P.O.  Box  455,  Marcus 

Hook,  Pa.  19703 
Ward,  William  C,  Cone  MUls  Corp.,  1106  Maple 

St.,  Greensboro,  N.C.  27410 
Warfield,  Carol,  University  of  Illinois,  233  Bevier 

St.,  Urbana,  111.  61801 
Weiland,  Herman  G.,  Arkansas  Company,  Inc., 

P.O.  Box  210,  Newark,  N.J.  07101 
Westbrook,  Claud  E.,  Jr.,  Freeport  Kaolin  Com- 
pany, P.O.  Box  337,  Godron,  Ga.  31031 
Weyker,  R.  G.,  American  Cyanamid  Co.,  Bound 

Brook,  N.J.  08805 
Weyna,  Philip  L.,  Morton  Chemical  Company, 

1275  Lake  Ave.,  Woodstock,  111.  60098 
Wilkinson,   T.    B.,   Monsanto   Co.,   5051    West- 

heimer,  Houston,  Tex.  77027 
Wilson,  W.  L.,  Spartan  Mills,  P.O.  Box  5784, 

Spartanburg,  S.C.  29301 


Wolfgang,    Ruby     (Mrs.),    407    Belmont    Dr., 

Cherry  HiU,  N.J.  08034 
Wolfgang,   William   G.,  Philadelphia  College  of 

Textiles    &    Science,    3243    School    House 

Lane,  Philadelphia,  Pa.  19144 
Wooten,   Henry,   Lowenstein   Research,  Pacific 

St.,  Lyman,  S.C.  29365 
Womer,  Ruby  K.,  3915  St.  Charles  Ave.,  Apt. 

408,  New  Orleans,  La.  70115 
Wright,  Joe,  Spartan  Mills,  King  Finishing  Divi- 
sion, Statesboro,  Ga.  30458 
Wyatt,    Warren    F.,    Reeves    Bros.    Inc.,    E&P 

Division,    P.O.    Box    100,    Columbus,    Ga. 

31901 

Yeh,  Kwan-nan,  National  Bureau  of  Standards, 
Bldg.  225,  B-22,  Washington,  D.C.  20234 

Zeagler,  Ewa  L.,  LSU  Cooperative  Extension 
Service,  Knapp  Hall,  Room  285,  Baton 
Rouge,  La.  70803 


ATTENDANCE  OF  PERSONNEL  FROM  THE  SOUTHERN 
MARKETING  AND  NUTRITION  RESEARCH  DIVISION 
FOR  AT  LEAST  ONE  SESSION  OF  THE  CONFERENCE 

Andrews,  Bethlehem  K.  (Mrs.),  Cotton  Finishes  Laboratory 
Armand,  Shirley  R.  (Mrs.),  Cotton  Mechanical  Laboratory 
Arnold,  Patricia  Ann,  Engineering  and  Development  Laboratory 
Arthur,  Jett  C,  Jr.,  Cotton  Chemical  Reactions  Laboratory 

Baril,  Albert,  Jr.,  Cotton  Mechanical  Laboratory 

Benerito,  Ruth  R.  (Dr.),  Cotton  Chemical  Reactions  Laboratory 

Beninate,  John  V.,  Cotton  Finishes  Laboratory 

Berni,  Ralph  J.  (Dr.),  Cotton  Chemical  Reactions  Laboratory 

Bergquist,  Jack  J.,  Administrative  and  Plant  Management 

Bertoniere,  Noelie  R.  (Dr.),  Cotton  Chemical  Reactions  Laboratory 

Blanchard,  Eugene  J.,  Cotton  Finishes  Laboratory  ^ 

Bocage,  Melville  J.,  Cotton  Mechanical  Laboratory 

Bogatz,  Judith  A.,  Cotton  Properties  Laboratory 

Boudreaux,  Gordon  J.,  Cotton  Properties  Laboratory 

Bourdette,  Vernon  R.,  Information  Officer 

Boylston,  Eileen  K.  (Mrs.),  Cotton  Properties  Laboratory 

Brown,  Roger  S.,  Cotton  Mechanical  Laboratory 

Bruno,  Joseph  S.,  Cotton  Finishes  Laboratory 

Brysson,  Ralph  J.,  Cotton  Finishes  Laboratory 

Burton,  Gloria  C.  (Mrs.),  Director's  Office 

Calamari,  Timothy  A.  (Dr.),  Cotton  Finishes  Laboratory 

Callegan,  Arsema  T.,  Cotton  Mechanical  Laboratory 

Campbell,  Betty  B.  (Mrs.),  Cotton  Mechanical  Laboratory 

Carter,  Mary  E.  (Dr.),  Textiles  and  Clothing  Laboratory,  Knoxville,  Tennessee 

Carter,  Woodrow  W.,  Cotton  Finishes  Laboratory 

Cashen,  Norton  A.,  Cotton  Finishes  Laboratory 

Chance,  Leon  H.,  Cotton  Finishes  Laboratory 

Cirino,  Vidabelle  O.  (Mrs.),  Cotton  Chemical  Reactions  Laboratory 

Conner,  Charles  J.,  Cotton  Finishes  Laboratory 

Connick,  William  J.,  Jr.,  Cotton  Finishes  Laboratory 
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Connor,  Mary  Louise  D.  (Mrs.),  Director's  Office 
Cooper,  Albert  S.,  Jr.,  Cotton  Finishes  Laboratory 
Copeland,  Herbert  R.,  Cotton  Mechanical  Laboratory 
Corkern,  Ray  S.  (Dr.),  Economic  Research  Service 
Craigie,  Albert  E.,  Cotton  Mechanical  Laboratory 
Creely,  Joseph  J.,  Cotton  Properties  Laboratory 

Daigle,  Donald  J.  (Dr.),  Cotton  Finishes  Laboratory 

Daniels,  Leontine  Y.  (Mrs.),  Cotton  Properties  Laboratory 

Danna,  Gary  F.,  Cotton  Finishes  Laboratory 

DeLuca,  Lloyd  B.,  Cotton  Mechanical  Laboratory 

Donaldson,  Darrell  J.  (Dr.),  Cotton  Finishes  Laboratory 

Dowlen,  Rowena,  Textiles  and  Clothing  Laboratory,  Knoxville,  Tennessee 

Drake,  George  L.,  Jr.,  Cotton  Finishes  Laboratory 

Ellzey,  Samuel  E.,  Jr.  (Dr.),  Cotton  Finishes  Laboratory 

Fisher,  C.  H.  (Dr.),  Director 

Fiori,  Louis  A.,  Cotton  Mechanical  Laboratory 

Folk,  Craig  L.,  Cotton  Mechanical  Laboratory 

Frampton,  Vernon  L.  (Dr.),  Cotton  Properties  Laboratory 

Frank,  Arlen  W.  (Dr.),  Cotton  Finishes  Laboratory 

Franklin,  William  E.  (Dr.),  Cotton  Chemical  Reactions  Laboratory 

French,  Alfred  D.  (Dr.),  Cotton  Properties  Laboratory 

Frick,  John  G.,  Jr.,  Cotton  Finishes  Laboratory 

Furukawa,  Manabu,  Cotton  Finishes  Laboratory  (Listed  on  visitor's  list  also) 

Gallagher,  Dudley  M.  (Dr.),  Cotton  Chemical  Reactions  Laboratory 

Gautreaux,  Gloria  A.,  Cotton  Finishes  Laboratory 

Gentry,  William  T.,  Engineering  and  Development  Laboratory 

George,  McLean,  Cotton  Properties  Laboratory 

Giuffria,  Rosalie,  Cotton  Properties  Laboratory 

Gonzales,  Elwood  J.  (Dr.),  Cotton  Chemical  Reactions  Laboratory 

Goynes,  Wilton  R.,  Jr.,  Cotton  Properties  Laboratory 

Graham,  Clarence  O.,  Jr.,  Cotton  Mechanical  Laboratory 

Guthrie,  John  D.  (Dr.),  Cotton  Chemical  Reactions  Laboratory 

Hanekom,  E.  C.  (Dr.),  Cotton  Finishes  Laboratory 
Hamalainen,  Carl,  Cotton  Finishes  Laboratory 
Harper,  Robert  J.,  Jr.  (Dr.),  Cotton  Finishes  Laboratory 
Harris,  James  A.,  Cotton  Chemical  Reactions  Laboratory 
Hassenboehler,  Charles  B.,  Jr.,  Cotton  Properties  Laboratory 
Haydel,  Chester  H.,  Engineering  and  Development  Laboratory 
Hebert,  Jacques  J.,  Cotton  Properties  Laboratory 
Heinzelman,  Dorothy  C,  Cotton  Properties  Laboratory 
Hemstreet,  James  M.  (Dr.),  Cotton  Mechanical  Laboratory 
Hinojosa,  Oscar,  Cotton  Chemical  Reactions  Laboratory 
Hobart,  Stanley  R.,  Cotton  Chemical  Reactions  Laboratory 
Honold,  Edith,  Cotton  Properties  Laboratory 

Janssen,  Hermann  J.,  Engineering  and  Development  Laboratory 

Jones,  Marie  A.,  Director's  Office 

Jung,  Hilda  Z.  (Mrs.),  Cotton  Chemical  Reactions  Laboratory 

Keating,  Esmond  J.,  Engineering  and  Development  Laboratory 
King,  Walter  D.,  Cotton  Finishes  Laboratory 
Kingsbery,  Emery  C,  Cotton  Mechanical  Laboratory 
Knoepfler,  Nestor  B.,  Engineering  and  Development  Laboratory 
Koenig,  Paul  A.,  Engineering  and  Development  Laboratory 
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Kopacz,  Boleslaus  M.,  Assistant  to  the  Director 
Kotter,  James  I.,  Cotton  Mechanical  Laboratory 
Kullman,  Russell  M.  H.,  Cotton  Finishes  Laboratory 
Kyame,  George  J.,  Cotton  Mechanical  Laboratory 

Lanigan,  James  P.,  Jr.,  Cotton  Mechanical  Laboratory 
Latour,  William  A.,  Cotton  Mechanical  Laboratory 
Little,  Herschel  W.,  Cotton  Mechanical  Laboratory 
Lofton,  John  T.,  Cotton  Mechanical  Laboratory 
Longworth,  Richard  J.,  Cotton  Mechanical  Laboratory 
Louis,  Gain  Lim,  Cotton  Mechanical  Laboratory 

McCall,  Elizabeth  R.,  Cotton  Properties  Laboratory 

McKelvey,  John  B.  (Dr.),  Cotton  Chemical  Reactions  Laboratory 

McSherry,  Wilbur  F.,  Cotton  Properties  Laboratory 

Mack,  Charles  H.,  Cotton  Chemical  Reactions  Laboratory 

Madacsi,  John  P.,  Cotton  Chemical  Reactions  Laboratory 

Mares,  Trinidad,  Cotton  Chemical  Reactions  Laboratory 

Margavio,  Matthew  F.,  Cotton  Chemical  Reactions  Laboratory 

Markezich,  Anthony  R.,  Cotton  Properties  Laboratory 

Martin,  Lawrence  F.  (Dr.),  Cotton  Chemical  Reactions  Laboratory 

Mayer,  Mayer,  Jr.,  Cotton  Mechanical  Laboratory 

Mazzeno,  Laurence  W.,  Jr.,  Cotton  Finishes  Laboratory 

Miller,  August  L.,  Cotton  Mechanical  Laboratory 

Miller,  Donald  P.  (Dr.),  Cotton  Properties  Laboratory 

Mitcham,  Donald,  Cotton  Properties  Laboratory 

Moreau,  Jerry  P.,  Cotton  Finishes  Laboratory 

Morris,  Cletus  E.  (Dr.),  Cotton  Finishes  Laboratory 

Morris,  Nancy  M.  (Mrs.),  Cotton  Properties  Laboratory 

Muller,  Linda  Lee,  Cotton  Properties  Laboratory 

Murphy,  Alton  L.,  Cotton  Chemical  Reactions  Laboratory 

Nelson,  Mary  L.  (Dr.),  Cotton  Properties  Laboratory 

Neumeyer,  Julius  P.  (Dr.),  Engineering  and  Development  Laboratory 

Normand,  Floyd  L.,  Cotton  Finishes  Laboratory 

Patureau,  Myles  A.,  Cotton  Mechanical  Laboratory 

Pearce,  Ellen  S.  (Mrs.),  Director's  Office 

Pepperman,  Armand  B.,  Jr.,  Cotton  Finishes  Laboratory 

Perkins,  Mary  Frances  (Mrs.),  Cotton  Properties  Laboratory 

Perkins,  Rita  M.  (Mrs.),  Cotton  Finishes  Laboratory 

Perrier,  Dorothy  M.,  Cotton  Chemical  Reactions  Laboratory 

Persell,  Ralph  M.,  Assistant  Director 

Piccolo,  Biagio,  Cotton  Properties  Laboratory 

Pierce,  Andrew  G.,  Jr.,  Cotton  Finishes  Laboratory 

Pilkington,  Mary  W.  (Mrs.),  Cotton  Chemical  Reactions  Laboratory 

Pitre,  Dennis  J.,  Cotton  Mechanical  Laboratory 

Pittman,  Robert  A.,  Cotton  Properties  Laboratory 

Portnoy,  Norman  A.  (Dr),  Cotton  Chemical  Reactions  Laboratory 

Ragas,  Patricia  S.  (Mrs.),  Cotton  Mechanical  Laboratory 
Reeves,  Wilson  A.  (Dr.),  Cotton  Finishes  Laboratory 
Reid,  J.  David  (Dr.),  Cotton  Finishes  Laboratory 
Reine,  Alden  H.  (Dr.),  Cotton  Chemical  Reactions  Laboratory 
Reinhardt,  Robert  M.,  Cotton  Finishes  Laboratory 
Richard,  Laurey  J.,  Cotton  Mechanical  Laboratory 
Roberts,  Earl  J.,  Cotton  Chemical  Reactions  Laboratory 
Rollins,  Mary  L.,  Cotton  Properties  Laboratory 
Roussell,  Leland  G.,  Sr.,  Cotton  Mechanical  Laboratory 
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Rousselle,  Marie-Alice,  Cotton  Properties  Laboratory 
Rowland,  Stanley  P.  (Dr.),  Cotton  Chemical  Reactions  Laboratory 
Ruppenicker,  George  F.,  Jr.,  Cotton  Mechanical  Laboratory 
Rusca,  Ralph  A.,  Cotton  Mechanical  Laboratory 

St.  Mard,  Hubert  H.,  Cotton  Finishes  Laboratory 

Sands,  Jack  E.,  Cotton  Mechanical  Laboratory 

Saucier,  Shirley  T.  (Mrs.),  Director's  Office 

Schreiber,  Sidney  P.,  Cotton  Finishes  Laboratory 

Segal,  Leon  (Dr.),  Cotton  Chemical  Reactions  Laboratory 

Shepard,  Charles  L.,  Cotton  Mechanical  Laboratory 

Simpson,  Jack,  Cotton  Mechanical  Laboratory 

Sloan,  William  G.,  Cotton  Finishes  Laboratory 

Smith,  Marilyn  M.  (Mrs.),  Cotton  Properties  Laboratory 

Soignet,  Donald  M.  (Dr.),  Cotton  Chemical  Reactions  Laboratory 

Sproul,  Marie  N.  (Mrs.),  Cotton  Properties  Laboratory 

Stanonis,  David  J.  (Dr.),  Cotton  Finishes  Laboratory 

Taggart,  Thomas  J.,  Cotton  Properties  Laboratory 
Thibodeaux,  Devron  P.  (Dr.),  Cotton  Mechanical  Laboratory 
Timpa,  Judy  D.  (Mrs.),  Cotton  Chemical  Reactions  Laboratory 
Trask,  Brenda  J.  (Mrs.),  Cotton  Finishes  Laboratory 
Tripp,  Verne  W.,  Cotton  Properties  Laboratory 

Vail,  Sidney  L.  (Dr.),  Cotton  Finishes  Laboratory 
Verburg,  Gerald  B.,  Cotton  Finishes  Laboratory 
Vigo,  Tyrone  L.  (Dr.),  Cotton  Chemical  Reactions  Laboratory 
Vix,  Henry  L.  E.,  Engineering  and  Development  Laboratory 

Wade,  Clinton  P.,  Cotton  Chemical  Reactions  Laboratory 

Wade,  Ricardo  H.,  Cotton  Chemical  Reactions  Laboratory 

Walker,  Albert  M.,  Cotton  Finishes  Laboratory 

Walker,  MerUn  H.,  Plant  Management 

Wall,  James  H.,  Cotton  Properties  Laboratory 

Wallace,  Eugene  F.,  Cotton  Mechanical  Laboratory 

Ward,  Truman  L.,  Cotton  Chemical  Reactions  Laboratory 

Weiss,  Louis  C,  Cotton  Properties  Laboratory 

Welch,  Clark  M.  (Dr.),  Cotton  Chemical  Reactions  Laboratory 

Weller,  Heber  W.,  Jr.,  Cotton  Mechanical  Laboratory 

Williams,  Nancy  R.  (Mrs.),  Economic  Research  Service 

Wojcik,  Bruno  H.  (Dr.),  Assistant  Director 

Yeadon,  David  A.,  Cotton  Finishes  Laboratory 
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